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The enclosed final report represents a two-year effort iIm the evaluation
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PREFACE

The objective of the Ohic ERTS user prozgram was to datermine
if and how state government could benefit from orbital survey programs
such as ERIS-1. The program was multidisciplinary in scope and involved .
‘the experimental evaluation of the potential applicability of ERTS-1
imagery and data relay capabilities to Ohio environmental quality, land
use and rescurce management programs. The statewide program involved
primaxily the éooperation and participation of the Departments of Economic
and Community Development (Lead Department), Natural Resources, Trans-
portation, Environmental Protgcfion Agency, and The Ohio State.University.
Technical program support was provided by the Battelle Columbusg Laboratories.

The program concentrated on developing an effective multi-
agency team for collecting and analyzing ERTS-1 data for Ohio; maintaining
an active user awareness program; and, evaluating and demonstrating
specific application possibilities. In general, state personnel were
responsible for providing inputsrrelative to ongoing programs, problem
areas, and data requirements ﬁhich ERTS data could possibly fulfill.
Battelle was responsible for the collection of the required correlative
data and laboratofy data analysis. Final assessment of the potential
benefit of the experimental findings was the principal task of partici-
pating state personnel, o _

The Ohio ERTS-1 program succeeded in exposing earth resources

data from space to a broad spectrum of potential users at the state,

ional, and local level. An extensive data base {consisting of ERTS-1,
aircraft, and ground truth data) has been assembled, and experience has
been gained in analyzing ERTS data in imagery and digitized formats.

The final report summarizes the user awareness efforts con=-
ducted, data analysis procedures employed and, most importantly, results
of the initial potential utility of ERTS data to comprehensive resource
management in Ohio. Spatial, spectral and temporal recommendations for
improving future satellite systems to maximize the operational utility

of satellite data at the state level are also provided.
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David C. Sweet (Principal Investigzator) et.al.

1.0 TINTRODUCTION

This final report of the Ohio ERTS-1 program activities
consists of nine sections and two appendices;'-Section 1 includes back-
ground materials, the objectives and scope of the program, principal
participating organizationé and personnel, study sites, and related
progfams which‘supplemented the ERTS-1 effort.

Section 2 summarizes data collection efforts including the
status and quality of Ohio ERTS-1 data received and correlative aircraft
and ground truth photographic and radiometric datea collected, The results of
the ERTS-1 Data Colleé&tion Systemﬁ(DCS) experiment using a single data
collection platform (DCP) are also presented in this section.

Facilities, equipment, and data-analysis procedures employed in
the program are described in Section 3 in conjunction with the data
analysis plan followed. Results of the analvtical efforts demonstrating
data application possibilities and assessment of their potential utility
to Ohio state government activities are contained in Section 4 and 5 |
~ respectively.

User awareness efforts conducted during the prograﬁ are noted
in Section 6 and miscellaneous activities such as educational and pro-
fessional coordination activities are noted in Section 7. Sections 8 and 9
contain the summary, conclusions, recommendations, and references. -

- Appendix A provides a summary of coverage and quality of .all ERTS-1 data
acguired over Ohioc (August 1972 - June 1974) and Appendix B contains materials

related to the Ohio ERIS/Skylab Data User orkshop.
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1,1 Backzround

Following several meetings between State of Ohio and Battelle
personnel in response to the NASA ERTS-A opportunity announcement in
1971, it was concluded that the various state agencies and thus, the
citizens of Ohio could benefit from participating in the first experi-
mental satellite earth resources user progfam. Hence, although some
concern existed as to the compétibility of the ERTS data and state
information/data needs, a consortium of State of Ohio agéncies (under the
leadership of Dr. David c. Sweet, Director of the Department of Economic
and Community Development) aund Battelle Columbus Laboratories jointly |
participated in developing a multidisciplinary proposal for evaluating
the relevance of ERTS-1 data to the State of Ohio.(l) The Ohioc proposal
was accepted and the NASA funded program ran from July 1972, to October
1974. Nume;ous reports and publications have resulted from the effort
(2-9

to date » in addition to the required status reports (Type 1 and II).

This report representgqthe final report of the Ohio ERTS-1 user program.

1.2 Preogram Objectives and Scope

The purpose of the proposed Ohio ERTS-1 program was to evaluate
and demonstrate the relevance of ERTS imagery and data relay capabilities
to comprehensive resource management in Ohio. More specifically, it was

Lo test experimentally the applicability of ERTS-type data to decision=

making processes involved in multidisciplinary state programs. Specific

objectives included:

e Establishing an Ohio-ERTS Data Utilization Test
Facility in Columbus for collecting and analyzing
-a combination of satellite, airecraft, and ground-
truth date on selected natural apnd cultural '
resources of Ohio.

e Esteblishing an Ohio-ERTS cors team comprised
of resource managers, educators, and researchers
knowledgeable in the capabilicies, potentialities,
and limitations of earth resources survey data.



e Developing and testing a methodoleczy for con-
verting satellite-acquired date into products
and data formats useful for State physical,
environmental, and economic deveslopment nz2ds.

» Developing & comprehensive Ohio ERTS program
that elicited participation of all state and
local agencies concerned with managing, pro-
tecting, or resezrching the State's natural
resources and environment.

e Obtaining experiznce in ERTS Data Collection
Platform (DCP) operations and tao determine
the utility of the ERTS Data Collection
System (DCS) to envirommental monitoxring in
Ohio. :

o Developing a rationale for evaluating the impact
of experimental. and operational earth resource
gatellite systems on the resource-management
goals of Ohio.

o TImproving public awareness of efforts to apply
science and technclogy to increasing eaviron-
mental and natural resource problems; :

e Providing NASA with the results of the ascertained

relevance of ERTS-1 to the State of Ohio and to

provide recomendations for appropriately modifying

future earth-resource satellite systems.
In the pursuit of these objectives, emphasis in the Ohio ERIS-1 program
was placed on user-oriented applications in three disciplines: Environ-
mental Quality, Land Use, and Resource Management. Specific application
areas evaluated in each of these three disciplines and their relationship
to program study sites and participating state agencies are shown in '

Figure 1.

1.3 Participating Orgsnizations

ERTS-1 data were analyzed jointly by 3Battelle researchars and
State of Ohio resource planners and managers to determine what useful
eavironmental, naturel and cultural resource information could be obtainzd

avireamantal pl
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and its relevance to the State's on-going
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monitoring and enforcement activities. State of Ohio agencies which were’
the principal participants in this initial analysis of the potential

uses of orbital survey data include tha:

e Ohio Department of Economic and Community Developmant

® 0Ohid Department of Natural Resources

.® QOhio Department of Transportation

e Q(Ohio Environmental Protection Agency

o The (Chio State University. 7

The specific areas of interest of each of the State égencies above
are noted in the following paragraphs, In addition, numerous other state,

| regional, and local agencies have participated in the Ohio- ERTS-1 program to

lesser degreES. An overview of principal organizations and pexsonnel that

participated in the ERTS-1 program is provided in companion Figures 2 and 3,

1.3.1 Ohio Department of Economig and_Community Development (ODECD)

The Ohio Departnent of Economic and Communi.ty Development is serving

-

as the lead agency in the Ohio orbital survey programs since it has been
delegated broad planning authority on the state level in Ohio as stated in the

following primary instructionms from the Ohio General Assembly recorded in the
Ohio Revised Code: '

The Department of Economic and Community Development shall
develop and promote, plans and programs designed to assure
that state resources are efficiently used, economic growth
is properly balanced, community growth is developed in an
orderly mamner, and loczl governments are coordinated with
each other and the state,... (Sec. 122.01).

The department is also directed to:

Assemble, analyze and make available to governmental
agencies and the public. information relative to the human,
natural and econcomic resources and economic needs of the
state; (Sec. 122.06 (A).)

and to:

Prepare and maintain, in cooperation with departments anmd
agencies of the state, comprehensive plans and recommenda-

tions for promotion of more desirazable patterns of growth - o
and development of the resources of the state...(Sec. 122.05(B).)

[Eul A
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In addition to serving as the lead and coordinating agehcy in
the Ohic ERTS-1 program, ODECD personnel have also assessad the relevance
of ERTS-1 data as it applies to land-use planring, ecocnomic development,

power siting, and the protaction of agricultural lands.

1.3.2 Ohioc Department of Natural Resources {ODNR)

The Ohio Department of Natural Resources has a number of respon-
sibilities including water resource davelopment, geological and soil
'surveys, State park and forest administration and strip mine reclamation.
Department guidelines estabiished by the General Assembly and the Governor
focus on the "Improvemant of the quality of life for the people of Ohio
through the wise use of land and other natural resources'. The wise use
of land and other natural resources requires an adequate knowledge of
present land uses and a determination of the optimum use of the land based
on a number of factors (e.z., soil type, vegetative cover, cultural
features, transportation networks, and geomorphology). Of prime intérést
to ODNR in the Ohio ERTS-1 program was the potentiil of using ERTS data
to inventory the extent and degree of surface mining, the reclamation of
new and old strip mined areas, and for providing data inputs to DNR's
Ohio Land-Use Simulation Model (OLUSM), which yields estimates as to the
optimal use of Ohio's land resources. The Department has added personnel
‘and equipment for using remote sensing data and has funded an experimental
program for testing the appropriateness of using ERTS data to support fhe

Land Use Simulation Model.

1.3.3 Ohio Department of Transportation (ODOT)

The Ohio Department of Transportation evolved from the reorgani-
zation of various departments in 1870. It has the responsibility of
developing and maintéining a modern transportabion system in Ohio. Within
ODOT, a Division of Transportaticon Planning maintains and coordinates a
statewide comprehensive planning activity for all modes of transportation

and a Division of Aerial Enzineering acquires aerial phiotography of tha

fu
it
L
<
I-h.
-
b
"

Stste and maintains a comprehansive sarial photoeraphic data b
- Pl

entire state. ODOT involvemsnt in the Ohio ERTS-1 prozran has principally



included the acquisition of multispectral aircraft data for the ERTS-~1
study sites, the preparation of photo basz maps from ERIS-1 imagery, the
reproduction of ERTS-1 imagery for statewide distribution anc¢ an initial

assessmaent of ERTS-1 data to various aspects of transportation planning.

1,3.4 Ohio Environmental Protection Agencvy (OEPA)

The Ohio Environmental Protection;Agency was created by the Ohio
General Assembly in 1971, and has the prime responsibility for land, water
and air quality qontrol in Ohio. The agency has assessed the relevance
of ERTS-1 data to water quality parameters of Lake Erie and other bodies

of water, illegal landfills, and to new air quality models.

1.3.5 The Ohio State University (QSU)

The Remote Sensing Committee of The Ohio State University consists
of representatives from over 15 schools and departments. These-include
the School of Natural Resources, the Departments of Geology, Geodesy, Civil
Engineering and Botany, the Agricultural Research and Development Center
at Wooster, and the Engineering Experiment Station at Coshocton. 1In co-
operation with the Ohio ERTS-1 program this Committee promoted the-educa-
tional agpects of ERTS-1 and other remotely sensed data through courses,

seminars and student research.

1.3.6 Battelle's Columbus lLaboratories {BCL)

As prime technical subcontractor of the Ohio ER1S progfam, the
Columbus Laboratories of Battelle Memorial “Institute has provided exten-
sive technical ;esearch supporit to the state. In particular the Remote’
Sensing Applications Laboratery has provided extensive technical support

to the Chio ERTS-1 program primarily through three activities:

o Analyzing ERTS-1 imagery of Ohio.

& Collecting ground-basad and aircraft data required for
interpreting the imazery.

ad on ERTS-1 date for sub-

@ Preparing topiczl reports basz o
sequent determination of their uszfulnass teo envirommental
and resource nanagers in various Ohio zovernmental

agenhcies, o
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In addition, other Departmants at Battelle contributed expertise relating
to the multidisciplinary applications of FRIS-1 data to ths State of Chio.
Supporting activities included computer analysis, econemic assessments,
equipment design, installation and maintenance, resource manazement,

land use implications and technical review.

1.3.7 Other Asencies

Other state, federal, local, and Private user organizations
and individuals contributed to the assessment of the utility of ERTS-I
data to Ohio resource management, environmental quality and landruse
practices, data requirements, and policies; Some of these individuals
and organizations include: Dr. Herman Mark and Dr. Richard Gedney of
NASA Lewis Research Center in Cleveland; Dr. Richard Gerhan of Baldwin
Wallace College; Dr. Dennis Anderson of the Ohio Biological Survey; Dr.
Charles Herdendorf of the Ohio State Center for Lake Erie StudleS' David.
Hinson of Crossroads Resource Conservation and Development Agency, Ray
Kuckling and Willjam Habig of Mid-Ohio Regional Planning CommisSion;
and Benjamin Brace, Carl Wilhelm, and Paul Baldridge of the City of
Columbus. 1In addition representatives of the the U. S. Army Corps ofr
Engineers, State of Ohic Dffice of Management and Budget, State of Ohio
Department of Agriculture, and numercus individuals from various local
govermments contributed to the assessment of the utlllty of ERTS-1 data

to Ohlo interests.

1.4 Study Sites

Since the Ohio ERTS-1 program was nu1t1d15c1p11nary in nature,
six principal study sites were selected on the basis of the1r compati-

bility with one or more of the following criteria:

v The site reflected a mixture of disciplinér"-interests

e Site location in ralation to State, Battelle, or NASA-
‘Lewis facilities.

® Existing data available for use as ground truth
informaticon oa the sites.
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o Proposed and -on-going projects at the site which
provide ground data of value to data interpretation
in the Ohio orbital survey prozrams. ’

© The need to collect baseline data of the site to plan
or to evaluate effeccts of development and projected
changes in land use, etec.

The location of each study site in relation to major Ohic cities and
ERTS-1 overpasses of the State is shown in Figure 4. The relationship
of the study sites to disciplinz and state user agency lnterests were

shown in Figure 1. Descriptions of each study site are provided below.

1.4.1 Cleveland — Lake Erie Studvy Site

An 8 by 25 km long strip along the Cuyahoga River running
through the middie of Chio's largest city was chosen for urban land
use and environmental studies. Within this sector of Cleveland are
found heavy industries, o0ld and new residential‘afeas, intensive trans-
portation networks, parks, shopping centers, a major airport, fields
and open areas, quarrizs and a portion of Lake Erie at the mouth of the
Cuyalioga River. In essence this study site contained all characteris-
tic natural and cultural features which form typical land use patterns
in Ohio. Also, heavy industry located along the Cuyahoga River and the

Lake Erie shoreline provided the basis for both water and ajr quality

studies,

1.4.2 The Qhjio Agricultural Research and Development Center
Study Site at Wooster

This agricultufal study site in Wayne County was approximafely
11 by 22 km in size and included the Ohio Agricultural Research & _ A
Development Genter at Wooster. Field sizes and crop types found in the
area were fairly representative of farming activities in Ohio lncludl S
corn, wheat, soybean, oats, and hayf izlds. At the 2000 hectare agricultural
experimental facility a large variety of crop types (tomatoes, potatoss,
peas, ete,) is grown; however, most plot samples on the site were toe
small to be recoznizable on ERTS imagary Hdottever, the concentrationlof

MUMErOUs Ccrops and tree types found in Ohic made this an excellent site

lor radiometric signraturs collection. ' -

10
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1.4.3 Ohio Transportation Research Center Studs Site at Fast Liberty

This OChio ERTS-1 study site was locared in porﬁions oL Logan
and Union Counties and covers an area of 2834 hectares (7,000 acres).
.The largest transportation resezvrch center in the worid was located with-
in the study site.- Its test track is 5.3 km long along irs longest
axis. The 70 million dollar facility is still undergoing construction
affecting the rural agriculfurai and village community area. This
area was monitored by Ohio researchers since its inception and provi&ed
an excellent ﬁeans to study the effects of man-made activity and the

resulting encroachment on a rural environment,

1.4.4 Zaleski State Forest Studv Site

This Vinton County study site in southeastern Ohio was a
moderately rugged areea with maturely dissected relief features. Native
hardwoods (90 percent oak and hickory) and some conifer plantations
covered most of the 30,000 hectare area. A 160 pectare lake within the
site, which provides regional resereational activiéies, ¢contained a high
pH/sulfur content causing the lake to appear vivid green. The study

site area also included recently stripped mined areas which had been

undergoing reclamation sinece 1972.

1.4.5 Ottawa Wetlands Study Site

-This site, in Ottawa County, extended approximately 16 kilo-
meters (10 miles) in a northwest~southeast direction paralleling and
including the shoreline of Lake Erie. Lakeward, the site included the
near-shore area of Lake Erie. Landward, a large part of the site was
a fresh-water marshland of about 3,120 hectares (7,700 acres). bMost of
the area within the study site is in Federal and State ownership., At
the mouth of the Toussaint River, the approximate southeast beundary of
the site, the Davis-Besse nuclear power plant is presently being con-
structed. - The site represented a mix of major land uses including
recreational resources (e.g., hunting, trapping, fishing), wetland con-

servation areas, farms, and industrial and commercial davelopmants near



or bordering the lake front. This arca was chosen as an EZRTS astudy
site because of its imporctant wildlife, water and other unigus natural

and environmental features.

1.4.6 Columbus/Franklin Countv Studv Site

This 1300 square km (500 éq. milz) study site was éhosen
during the program for land use studies because the Clzveland site was
consistently cloud covered during the first six months of ERIS-1 over
passes. This study site contained areas which had exparienced rapid.
growth and areas which possessed a variety of natural, cultural and
.environmental features reguired _for an extensive,evaluation'of ERTS
data for land use purposes. The area contained heavy industries, large
warehouse centers, intensive transportation networks,.several rivers,
-reservoirs, old and new residential neighborhoods;‘parks,'three airfields,A
etc. Local knowledge of this area facilitated ERTS data interpretation
for land use,‘transportation, forestry, urban planning and agriculture.
The area was also covered by other photographic ébﬁerage, including

Skylab 2 and 3, and very high altitude aircraft flights.

1.5 Related Programs

Complementing the ERTS-1 effort, a joint State of Chio -~
Battelle Skylab Earth Resources Experiment Package (EREP) proposal was’

prepared and accepted.by NASA.(IO)

The results of aﬁalytical‘efforts
to evaluate the use of these data for land 'use planning interests ére'
contained in a final report recently prepared on the Ohio Skylab program.(llx
Several other programs were funded by participating agencies which.
contributed either directly or indirectlv to the Ohio ERTSfl program.
Appropriate results cof these programs are noted in this.report. Thesa
programs included: - '
¢ An ERTS/Skylab Data User Workshop co;spohsored by thé-

Onio Deparcment of Economic and Commuaity Developmenct
and Battelle Columbus Laboratories.

13



Color composite ERTS-1 mosaic of the State of Ohio
supported by the Ohio Department of Economic and
Community Development and the Ohio Powar Siting
Commission. :

A remote sensing short course co-sponsored by The Ohio
State University and the Ohio Department of Economic
and Community Development.

Land use mapping from ERIS-1 computer compatible tapes
supported by the Ohio Department of Natural Resources.

Data Collection Platform instruments and interface
development supported by Battelle Columbus Laboratories.

Public educational program Supported by Battelle
Columbus Laboratories.

Feature recognition and computer mapping from ERIS-1 u
computer compatible tapes supported by Battelle Columbus
Laboratories.



2.0  DATA COLLECTISXN

ERTS5-1 data acguired of Chiz szress, correlative aircraft and radiometric
and photographic ground truth study-site data, and the results of the

Ohio Data Collection System {DCS) experiment.

2,1 ERTS-1 Data

Since July 23, 1972, ERTS-1 has been providing repetitive (every
18 days) and comtinuous acquisition of multispectral data of the natural and
cultural surface features on a global basis, The satellite.is currently
equipped with two separate systems of sensors for this purpose: a three-camera
return beam vidicon system (RBV) and a four-band multispectrdal scanner system
(ﬁSS). The RBV system was used only sparingly during the.very early phase of
the mission, and no RBV data over Ohio were acquired. However, the MSS continues
to pfovide.global coverage far beyond its original life expectaucy.

The multispectral scanner is a 1iné—scanner device which uses an
oscillating mirror to simultanesously scan.the terrain passing beneath the space-~

ccraft in four spectral bands of the electromagnetic spectrum:

Band 4 to 0.6 micrometers : blue-green

0.5
Band 5 0.6 to 0.7 micrometers ~ red
Band 6 0.7 to 0.8 micrometers ., near infrared
Band 7 0.8 to 1.1 micrometers . infrared.

Each individual ERTS-1 MSS image covers more than 34,000 square kilometers
(10,000 square miles) of the earth's surface with an overlap of approxi-
mately 10 percent along the spacecraft track. ' | '

The data are telemetered from the spacec;aft to the ground
receiving stations in the U. 5. where they are récorded'on maznetic tapes
and converted into black-and-#hite photographic pesitives on 70-am
film (at a scale of approximatelv 1:3,369,000). The 70-mm film formacs
are subsequentiy enlarwed to 2 24 cm X 24 c¢m format resulting in an izage

scale of 1:1,000,005 and

. . PR oor e
ansmittad to ERTY iavest

Cgators. ‘dlaster copios of
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Dapartment of Interior Earth Resources Ubservation Systems (EROS) Data
Center in Sioux Falls, South Dakota, where they are placed in the public
domain. Reproductions are available from the EROS Data Center at
reasonable cost by the scientific community, industry, and the public

at large.

2.2 Ohio ERTS5-1 Data

ERTS~1 multispectral data in 70 mm transparencies, 24 cm x 24 cm
prints and transparenc1es and digitized computer compatible tapes have
been received periodically by the State of Ohio beginning with the
August 21, 1972, ERTS-1 overpass. Qhio land areas are covered by ona
ERTS-1 pass on four counsecutive days at about 10:30 a.m. local time
(see Figure 4).

As recorded in Table 1, which correlates dates of ERTS-1
orbital passes with the data received, imagery has been rece1ved for
96 of the 152 passes that ERTS-1 flew over Ohio as of June 30, 1974. Thus,
data for over 63 percent of the ERTS-1 Ohio ovetflights have been received,
The data were usually received within one or two months after the ERTS-1

overpass.

The coverage and quality of ERTS-1 scenes receivéd for each

. of the four Ohio orbital traces are noted in'Appendix A, Of the 241
individual ERTS-l scenes received, 69 percent were classified usable
(fair, good, or excellent), depending on the amount of cloud content.
Although consecutive usable data for all four ERTS< -1 passes which cover
Ohio once every 18 days were never received, all areas of Ohio were
recorded cloud free by the satellite at least once during every season
of the year. Multispectral color composites derived from combining -two
or more of the MSS bands were requested and received for most of the

higher quality ERTS-1 scenes.



TABLE 1. SUMMARY OF ERTS-1 DATA
RECEIVED QX OO

i Pates underlined indicate ERTS-1 data wer
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Ohio ERTS-1 Trace”

Overflight Dates 1 2 3 4

1972 ,
Aug. 21 22 23 24
Sept. 5 9 10 11
Sept. 26 27 28 29
Oct. 14 15 16 17
Nov. 1 2 3 4
Nov. 19 20 21 22
Dec. 7 8 9 10
Dec, 25 26 27 28

. 1973 : :

Jan. 12 13 14 15
Jan. /Feb. 30 31 1 2
Feb. 17 18 19 20
Mar. 7 8 e 10
Mar. 25 26 27 28 .
Apr. 12 13 14 15
Apr./May 30 1 o2 3
May 18 19 20 21
Jun, 5 6 7 -8
Jun. 23 24 25 26
Jul, 11 12 13 14
Jul./Aug. 29 30 31 1
Aug. 16 17 18 19
Sept. 3 4 ] 6
Sept. 21 22 23 24
Oct. 9 10 11 12
Oct. 27 28 . 29- 30
Nov, 14 15 16 17
Dec. 2 3 4 5
Dec. 20 21 22 23

1974 :
Jan, 7 8 9 10
Jan. 25 26 27 28
Feb. iz 13 14 15
Mar. 2 -3 4 5
Mar - 20 21 22 23
Apr. 7 8 9 10
Apr. 25 - 26 27 - 28
May 13 14 15 16
May/Jun. 31 1 72 3

T Jun 18 15 20 21

" Seo Fizure 4 for center linz of ERTS-1 overpassss of Chio.
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2.3 Aircraft Darta

Multispectral aerial underflights of the Chio ERTS study sites
vare flown to provide correlative data for resourc:s idencification and
mensuration verification. The eircraft underflights followed an ERTS-1
overpass within one or at most two days, cloud conditions permitting. |
Other factors such as areas in which timely opportunities existad, datag
requirements for utility assessment/user awareness programs, and seasonal
vegetation coverage were also considered in the planning of aerial uander
flights..

A twin-engine Beachcraft aircraft equipad with a 15-cm Zeiss
BMK~-A cartographic camera and a four Hasselblad EL 500 70-mm multiband
camera configuration with 100-mm planar lens waé used Lo acquire theﬁ
appropriate multispactral aerial photography (see Figure 5). The flight
altitude was 3,66 km whicﬁ provided 24 cm x 24 cm photographic
format at a 1:24,000 scale and a 70-mm photographic format -at a 1:48,000
scale. Handheld Ektéchrome 35 mm aerial shots weré also taken from the
aircraft on a selective basis. Aerial photographic data acquisition
dates are listed by study site in Table 2.

Panchromatic film was used in the Zeiss cartographic

camera. The Hasselblad multiband camera films and filter combinations

wvere:
Camera ‘ Filter Type
1 - Plus X Pan ' - 25
2 2424 ' 898
3 Ektachrome Infrared 12
4 Ektachrome ER 5257 | .

Haze

In addition to the multispectral aerial photographic data
acquired over Ohio ERTS study sites as part of the Ohic ERTS-1 program,
othar aerial data collectad prior to or during the Ohio ERIS-1 progras

for other State and Federal programs (such as the Skylab program) wers

15



also vtilized during vavious data utility asssssments throuzhout the

program. Aerial photographic coverage of the antire state acquired from
1958 to 1964 at a scale of 1:24,000 for use in the preparation of the 1940
land use study and mapping prozram was also usad in the ERIS~-1 program,

especially for feeature identificzticn and trend anmalysis purposes.

Fig. 5a. State and Battelle Personnel Fig. 5b. |Hasselblad EL 500 70-mm
' Preparing for an Ohio ERTS-1 '
- Study Site Aerial Survey.

Aerial Camera Configuration
Used to Acquire Multispectral

Photography of Ohio ERTS-1
Study Sites.

FIGURE 5. AERIAL PHOTOGRAPHIC DATA ACQUISiTION EQUIPMENT

2.4 Study Site CGround Truth Data

. Photogrephic and radiometric ground truth surveys of the Ohio

ERTS study sites were conducted to obtain spectral data wsed in analyzing

ERTS-1 imagery. Thess ground truth surveys, like the aerial photographic
undorflights, were conducted on cdars coinciding or within one or two

ox -

davs of an ERTS-1 overpass of Ohic. Literature suvveys, various maps

and other relevant data pertaining toe the study sites, and other arcas

a1l

<

spacial interest weve assemblad.
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TABLE 2. AIRCRAFT, RADIOMETRIC, AND PHOTOGRAPHIC
GROUND TRUTH DATA BASE OF OHIO ERTS-L

STUDY SITES
Photographic and/or
_ Radiometric Ground
‘Aerial Photography Truth Surveys Features of "
Study Site Date Flown Date of Survev Interest
Cleveland 8/29/72 8/15/74 Urban, Lake Erie
6/14/73 6/14-15/73 sedimentation,
6/21-22/73 shore & beach
erosion, sur-
face mining
Columbus /Franklin 417772 8/12/73 Land use, urban
County 3/15/73 . _
East Liberty 8/29/72 8/18/72 *  Land use/develop-
" Research Transpoxr- ° 6/14/73 9/14/72 ment, agricul-
tation Research 10/25/73 6/26/73 ' tural erops,
Center ' : surface mining
" Ottawa Wetlands 8/29/72 8/11/72 ~ Wetlands, flood-
6/14/73 6/26/73 - . ing, agricul-
: ‘ ' - tural crops,
Lake Erie shore
erosion and
sedimentation
Wooster Azricultural 8/29/72 9/11/72 - Agricultural
Research and Develop- 6/14/73 9/27/72 A crops
ment Center : 10/25/73 6/1/73
Zaleski State Forest 8/29/72 ‘ 8/15/72 Forestry, surface
: ' 10/14/72 : mining and re-
10/24/72 ¢lamation

7/30/73

20



2.4.1 Radiometric Ground Truth Survevs

A Model SR ISCO spectroradiometer and strip chart recorder (see
Figure 6) was the primary sensor used to acquire ground truth spectral
data. ' Table 2 shows the radiometric survey dates by study site and the
‘selected features surveyed. These radiometric surve?s were conducted
simultaneously with photographic surveys of the selected features. Figures
7a and 8a illustrate some of the areas in which radiometric surveys were
conducted. Because of the sensitivity of the rédiometer to temperatures
below 50-60 F, the spectroradlometrlc field work at the various study
sites were conducted only during the warmer months of the year. The
radiometer had a spectral range of 0.35 to 1.55 micrometers. Spéctral_
data callected were annotated and corrected relative to instrument
calibration; cloud and weather conditions and the time of day. BResulting
graphs (such as those showﬁ in Figures 7b and 8b) were utilized as inter-

pretation aids during the analysis of ERTS-1 imagery.

FIGURE 6, ISCO RADIOMETER AND RECORDER USED FOR
AGQUIRING ON-SITE SPECTRAL SIGNATURES OF

OHIO'S NATURAL AND CULTURAL FEATURES

ORIGINAL PAGE IS
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Fig. 7a. Radiometric Survey Being Conducted In A Corn
Field At The Wooster Agricultural Study Site
on June 12, 1973.

CORN &12:73
CORN 7-12:73 -

ORIGINAL PACE IS

O #CoR QJEIITY

3 5 Ry g 9 i
WAVELENGTH . MICRONS

U 17 i3 16 1515
Fig. 7b. One Month Radiometric Comparison Of Spectral Signatures

Acquired In The Corn Field Shown in Figure 7a.

FICURE 7. ACQUISITION OF RADIOMETRIC SIGMATURES OF
OHIO AGRICULTURAL RESOURCES . -

22



T T

RELATIVE SOLAR REFLECTANCE

T

Fig. 8a.. Radiometric Survey Being Conducted In a Strlp
Mined Area On June 25, 1973.

18 -
ORIGINAL PAGE
OF POOR @UAM"“*’

Spoil 6-25-73

;C}-ﬂ—“—.Hi_ghwall 6-25-73

WAVELENG"'H Mi CQONS

Fig. 8b. Radiometric Comparlsons of Strlp_Mlned Features.

FIGURE 8. ACQUISITION OF RADIOMETRIC' SIGNATURES OF
' OHIO STRIP MINE. FEATURES

23



2.4.2 Photographic Ground Truth Suxveys

The primary sensors used to obtain photographic ground truth
data of the Ohio ERTS-1 study sites were 35-mm cameras with Ektachrome
and infrared color f£ilm. The photographic data collection activities
were conducted during radiometric ground truth surveys. For selected
portions of the study sites, 16-mm photography was also acgquired at
various times throughout the program. The photegraphic data base
proved to be an invaluable aid during the laboratory analysis of ERTS

data as well as establishing a permanent historical record of conditions

which existed at that time of the ERTS-1 photography.

2.4.3 Literature Survevs

_ Publications relative tc the Ohio ERTS-1 program interests were
collected and filed at Battelle's Remote Sensing Laboratory. An up-to-
date catalog and record of ERTS-1 data in tabular .and microfilm form and
Skylab orbital survey data in map énd tabular formats for the entire -
world are also maintained, Relevant information on the study sites and
literature relating to Ohioc environmental and natural resource interests
in general were assembled from various sources. This.data base included
statistical data, maps, books, publications, etc. Maps most frequently
used included USGS topographic map at scales of 1:250,000 and 1:24,000,
land-use maps, geological maps, hydrological maps and county highway
maps. Maps were used during ground truth surveys for recording feature

updating as required.

2.5 Data Collection System/Data Collection Platform Effort

In addition to providing multispectral imagery, ERTS-1 also-
acts-as a relay for transmitting to the NASA tracking complex a variety
of envivonmental data collected by ground-<based sensors from various

remote locations. This data collection capability of ERTS-1, called“

24



the Data Collection System {BCS), consists of
Data Collection Platform (DCP),

Data Handling System. Thz purposs

near real-time dats collecred rrom

usable formats such as magnatic tapszs, computer printbuts and‘punched
cards (See Figure 9). The DCS svstem has the potential of providing

a continual flow of information requivzd for better management of the -
earth's resources and the identificacion of adverse envitonmental

developments for early remedial action.
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FIGURE ¢. TYPICAL ERTS-1 DATA COLLECTION SYSTERM {0CS) DATA FORMAT

In this program, a single'Data Collection Platform (DCP),
located at Battelle's West Jefferson, Ohio, facility, was'uéed to demon-
strate the utility of the Data Coliz:tion System.(DCS) fﬁf potential
State use in an operational wmode (See Figure 10}. .The site proved to
be advantageous because of its rural location, the existencé of a small”
lake on the property, protection from vandalism and its proximity to '

Columbus., Data were obtained from the DCP at least oace every 12 hours

during periods when it was functlionin

oL
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FIGURE 10. VIEW OF DCP ANTENNA'INSTALLATION IN RELATION TO
o WATER QUALITY MONITOR TRAILER

The DCP installation uéed was comprised basically Qf_a‘traile:~
housed Schneider- Instrument Company Model RMZ53A Roboé Monitof {See .
Figure 11). Although data from all of the sensors could not be trané-
mitted simultaneously, the monitor was instrumented to sense the follow-

ing seven water quality and five atmospheric parameters:

Water Quality - _ Atmospheric
Temperature ' Air temperature
Conductivity Wind speed
Dissolved oxvygen Wind direction
Turbidity Rainfall
pH Solar radiation

Oxidation-reduction potential
Digsolved chlorides
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FIGURE 11. TRAILER-HOUSED SCHXNEIDER ROBOT MONITOR UNIT CAPABLE OF
' SENSING SEVEN WATER QUALITY AND FIVE ATMOSPHERIC PARAMETERS

After the DCP was received, the power supply and a sat of
amplifiers to interface the Schneider equipment with the DCP were fab- -
ricated. (See Figure 12 for interface schematic.) The antenna was
erected adjacent to the trailer, and thz DCP became opsrational on'-‘
December 22, 1972. The DCP requires a power source of about 24 volts
direct current for operation and i1s designed so that it can be operéted
from either available power sources or batteries.

Three major operational functioning problems arose duriﬁg the

=
i

DCP experiment: electromaznebic intsrference, weathey related statio

outages, and sensor detervioraticn. During the initial installacion;
the 60-cycle noise at the site ras such thdr ths logaliv-rabricatad
UKIG
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. —
amplifiers could not be used. The electromagnetic interfarance prublém
wvas later overcome when new amplifierxs werc fabricated and installed.

A severe wind storm tore the antenna cable from the antenna ground plane,
thus disabling the platform and causing station outage. Two other
similar station outages, probably caused by lighting damags, reéuired
the DCP to be shipped to the NASA-Wallops Station for repair. Platform
inactivity also caused sensor compconents to detericorate from lack of
use. Consequently, considerable effort and expense were required to

refurbish the sensors so the experiment was terminated on July 23, 1973.

1w
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FIGURE 12. SCHEMATIC Of INTERFACE FABRICATED TO LIKK
WATER QUALITY MONITORING SENSORS WITH DCP.

The DCP functioning problems did not pérmit an opportunity to
interface Battelle air quality monitoring instrumentatioﬁ with the DCP.
Also planned activities to connect the DCP to a completely mobile system
to make it as accessible as possible to State activities having an
interest in its potentislities were not realized because of the cost and
the possibility of vandalism a2s well as the operational functicning
difficulties expeariencad. ' A _ ,
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in cssence, experience was gained in the insiallation and uss
of the DCP; a protobves incgriace device suicsbis foy Zururs use was
designed, fabricated and utilized; and,'several conths of
and relay were accoimplished dzmonstrating the ''traffic handling”

capability of the DCS.
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3.0  DATA ANALYSTS.

Various data analysis activities were undertakan, both in the
state agencies' facilitiss and at the Battelle Columbus Laboratories.
In subsequent paragraphs a déscription of the facilities and equipment
utilized, the data analysis plan followed and the specific analvtical

procedures employed are discussed in detail.

3.1 TFacilities and Equioment

During the firat phase of the program, a épecial laboratory
was established at Battelle's Columbus Laboratories in direct response
to requirements for the effective and timely acquisition and analysis
of ERIS and other remotely sensed data. The analjsié of ERTS-1 imagef&
was performed primarily on opto-electro-mechanical equipment-located in
this laboratory. The facility was designed to provide the most effec-
tive in-depth research possible with state-of*théfart equipment while
providing visiting user personnel with an opportunity to view the data
in enlarged and color enhanced formats and in combination with other.
remotely sensed correlative data. .77.

The laboratory arrangement permitted.ERTS-l, aircraft, and/or
ground truth data to be accessad and viewed from cent:élly iocated
consoles. Hence researchers and pﬁotcinterpreters could perform analysis
tasks with a minimum effort for the retrieval and display of numerical,
graphic, and image data. The facility includes a built-in 3% mm and
70 mm rear projection system for comparitive viewing. Cartographiec data
sketches, photos, etc., were mounted on wall panels and movable easels.
A sketch of the laboratory is shown in Figure 13. Adjacent facilities
include offices, map files, dark room; computer facilities 2nd other
support facilities. The laboratory has undergone almost continuous
modification to accommodate a wide range of research tasks and users,

Table 3 provides a list of the major data énalysis egquipmant
located at-various Statz agencies and Battelle which were used ia the Ohrio

ERTS-1 program. The lizht tables, rearview prejectors, znd the Richards

30
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FIGURE 13, BATTELLE'S REMOTE SENSING APPLICATIONS LABORATORY
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TABLE 3. DATA ANAYLSIS EQUIPMENT USED DURING THE OHIO ERTS-1 PROGRANM

Type of Equipment

Manufacturer

Purpose for Which Equipment
Was Used

Plotters

Zoom Transfer Scope
Covdinatorgraph
Pigitizers

Light Tables
Mirror Stereoscopes
Stereometer Parallax Bar

Analytical Stereoplotter
Computer System

Data Grid Digitizers
Plotters

Phote Printers

Photo Enlarger
Rectifier Printer
Copy Camera

32-Coler Viewer

Multispectral Image enhance-
ment Viewer

Multiple Interpretation
Module (MIM) )

Folding Mirvror Stereoscope

Microdensitometer

35-mm & 70-mm rear projec-
tion sysiems

Light tables

-- OHIO DEPARIMENT OF NATURAL RESCGURCES -~

Kelsh

Bausch & Lomb
Dall Foster
D21l Foster

Richards Corp.

Kail and Skkisha
General Electric

Stéreoplotting

Overlaying of map and photographlc data

Plotting

Transforning of data from image to digital
format

Viewing and editing of film

Stereoviewing and plotting of imagery

Imagery mensuration

-~ OHID DEPARTMENT OF TRANSPORTATION --

Nistri-Bendix
IsM 890
K&E
Kelsh
Mark~I11 Log E and
CP-18 Log E
Saltzman
Kargl
" Robertson

Steveoplotting

© Computer Mapping and Data Storage

Computer mapping
Stereoplotting
Duplicating ERTS and aircraft imagery

Producing ﬁhbtographic materials
Producing rectified prints.
Copying materials photographically

-- BATTELLE COLUMBUS LABORATORIES --

Spatial Data Systems,

Inc.

Spectral Data Corp.
Richards Corp.

Wild Heerbrugg

MACBETH
Kodak and Bromberger

Colight & others

Qualitatively & qdantitatively'evaluati&g
ERTS imagery by-converting densities to
desired color

Overlaying up to 4 ERTS images to produce
color composites and to enhance spacifie
image features o

Monocular and stereoviewing, comparison,
magnification, and mensuration of ERTS
and aircraft imagery

Stereoviewing & plotting of aircraft
imagery >

Evoluating precise density of imagery

Projecting 35-mm & 70-wm data base for
comparison viewing

Viewing & editing of film
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Multiple Interpretation Module were used for standard data analysis. The
 Spectral Data Corporation Multispectral Viewer and the Spatial Data
Density Slicing Color Viewer were used for color enhancement, magnifi-
cation and multiband analyses. Details of the analytical procedures

are presented in Section 3.3.

3.2 Data Analvysis Plan

The data analysis plan formulated and followed during the
course of the 18 months of analytical research focused on learning to
what extent satellite earth resources survey data can be used in routine _
functions for managing the State's environment and resources.  '

A synopsis of the Ohio ERTS-1 data handling, analytical evalu-
ation plan followed is presented-in Figure 14. As schematicallj shown
in Figure 14, ERTS-l imagery was processed and analyzed in the following
manner:

(1) Of the three sets of photographic images received by
the Ohic DECD, one was given to the Ohio Department of’
Natural Resources for their evaluation and subsequent
loan to the Aerial Engineering Section of the Ohio
Department of Transportation for requested reproductions.

(2) The remaining two sets of photographic imagery and the
computer compatible tapes were cataloged at Battelle and
correlated with earlier ERTS-1, aircraft underxrflight,
and ground-truth imagery as well as radiometric data.
The 70~-mm and 24 cm x 24 cm transparencies were then
viewed on the laboratory equipment in this order:

(a) Examination through high magnification and stereco-
viewing (where possible) to evaluate the quality
of the imagery and to determine if areas of highest
priority (such as the Ohio ERTS-1 study 51tes)
were successfully recorded.

(b} Analysis on the multispectral viewer of areas or
features of prime interest to determine to what
degree these may be enhanced. This mode of viewing
was also employed to view the same two bands taken

at different dates for purposes of comparlson to
detect changes over time.

{c) Analysis on the 32-color viewer to determine the
characteristic density range of a feature of inter-
est in all four ERTS bands through magnification and
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The Spectral Data Corporacion nulvispecairal viewer with 70 mm
and 24 cm x 24 cm film drives, shown In Figure 13z, was espetizlly desizned

and built for the Ohio ERTS program. It provided for the simultansous
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analysis of up to four ring three color
filters and 20 uneutral density filters in steps from 0~100% transmissivity.
False color composites tc enhance desired features were readily derived
from various MSS bands and the film drives facilitated multidatz arnalysis
since one set of MSE 70‘mﬁ pesitive transparencies‘of each ERTS-1 scene
was placed on the film drive spools.

The Spatial Data density slicing color viewer, shown in Figure

15b, permitted the discriminatiocn of densities as small as .01 D, and
electronic encoding/color enhancement displays in up to 32 colors. A

built-in electronic planimeter measured areas of equal densities with 99.5%

accuracy and a one-minute ot reference grid facilitated analysis and
mapping of the data. The televisjon system was modified to provide for
magnification up to 80X with camere settinos.correlated in stéps cor-~ |
responding to map scales ranging from 1: 500,000 o 1:24,000 and larger.

A 24 cm x 24 cm XY comparator movement provided for locating points
'especially at high—image magnifiications. A half-silver mirror system

and a dual TV monitor setup provided the capabilirty té supetrimpose
cart0°raphic and mueltidace photographic data at a common.scale. A
Richards Multiple Interpretatlon Module, shown 1n Figure 1l5c, provided
for stereoviewing, mensuratLOn, and maOnlchatlon of 1ma02f) up to lOOY
Figures 16 and 17 show other evaluation opticas and analytical technlques
for linking the multispectral and density slicing viewers by using a dual.
television system with the result that density slicing could be parformed
on one to four data channels., This camera sysﬁem-provided an inexpensive
vet effective method of transierring enlarged, énhan;ed, filtered, over-
layed, color encoded, etc.,_imagery or porticn thereof to a map, overlay,
report, or viewgraph., Ihsse photographic modifications permitted
accurate and rapid overlav of ERTS data onto existing maps and cther

data scurces, readilv parmitted multidate and multiband analysis, and

-y

avoided the requivemwn: [or manual time consuming drafting and tha cor-

responding evrors associnted with such drafting methods. Thiviv-five

tha TV

mn, 70 wm, and 10 cm ¢ 12 cm photoyraphs wers telen of 850 of
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screen of the Spatial Data density slicing viewey. The rasultinz black
and white and color imagery was then used in transparent ovarlays,
viewgraphs, 35 mm and 70 mm transparencies, and paper prints fcr reports
end publications. Annotdtions ware added either on the TV scrzen, during

production, or on the finisned product.

3.3.2 Computer Tape Analvsis

A Control Data 5400 computer was used for the proéeséing of
the digital ERTS-1 tapes. The demonstration products were limited to
land use analysis in the Columbus/Franklin County area and included 8
character grey-level printéﬁts, mueltiband énalysis, and feature recogni-
tion, identification and mapping. These preliminary computerized
demonstration products were used to illustrate how features 0.57 hectares

(1.4 acres) in size can be readily distinguished at a scale of 1:30,000..
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4.0 DATA APPLICATION AN aLYSTS AND RESULTS

The program conczntrated on determining, through experiméntal
analyses, the extent that repatitive, small scale satellite imagery could
be useful at the state level. TFigure 1, in Section 1,0, identifisd the
major application areas studied in the broad discipline categories of
environmental quality, land use, and resource managemant, This section-
elaborates on the approach taken and the results obtalned for each of the

application areas analyzed.

4.1 Environmental Qualily

The preservation of Ohio's air, water and land quality‘is the
prime responsibility of the Ohio Enviromnmental Protection Agency.. However,
the Ohio Departments of Natural Resources, Economic and Community Development,
and Transportation alsc have extensive intereséé and programs which relate
to maintaining the state's environmental quality: Of common concern to all
interested state agencies is the availability of adequate, economical and
timely information required to plan, manage and control activities affecting
the environment. Determination of the potentiél value of ERTS-1 data to
such timely topics as surface mining, Lske Erie water quality, and air
pocllution control practices received. the priority efforts in this d15c1p11ne
area. Results of the analysis of ERTS- 1 data for these envxronmental

application areas are summarized below.

4.1.1 Surface Mining

Surface mining is the process of removing the so-called "overburden”
consisting of vegetation, soil, and rocks from above the underlying mineral
resource so that the mineral deposit can be readily extracted. Figure 18
depicts 2 typical cross section of an area after coal stripping, (a type of

surface mining) has occurred, Nesdless to sayv, the strip mining process
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FIGURE 18. TYPICAL OHIO COAL STRIP MINE CROSS SECTION

presents many detrimental environmental consequences including topographic’
modification, erosion, unfertile lands and extensive scarring of the
landscape. ' _
Surface mining is a major industry in Ohio which has become a- -
prime area of citizen and government concern as enviroomental and energy
issues collide. Approximately 114,500 hectares (283,000 acres) of land
in 23 eastern Ohio counties have been stripped for the mining of coal aione,
according to the Ohio Department of Natural Réséurces.(lz)' The U.S8. Bureau
of Mines reports that in 1972, Ohio surface mined approximately more than
31 million metric tons of coal, placing it in second place in the nation
only behind Kentucky. In addition, approximately 42 million metric tons
of limestone and more than 38Amillion metric tons of sand and gravel were
also mined in Ohio in 1971 according to the Ohio Division of Mines. ' In
1971, Ohio ranked fourth in the nation in land utilized for "all mineralsﬁ

mining according to a recent U. S. Bureau of Mines study.(l3)
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In April 1972, responding to overwhelming public sentiment, the
Ohijo legislature passed a bili placing very stringent controls on coal
strip mining in the state and in May 1974, the legislature paésed an all
minerals bill placing similar stringent controls on all surface mining
operations in Ohio. These laws place many new reclamation requirements on
the operator, require extensive preplanning of surface mining operations
and give the state power to deny licenses for surface mining under
certain conditions. Reclamation is the process of returning the land te
an original or predetermined contour and reestablishing vegetation on the
barren land. Of the 114,500 hectares (283,000 acres) that have been strip
mined in Ohio, the Ohio Department of Natural Resources reports that only
about 77,683 hectares (192,000 acres) have been reclaimed to varying

extents. (12)

The implementation of these laws is an enormous task which has
not been totally achieved to date. The ability to detect, monitor, inventory,
and map surface mining and surface mine reclamatidn efforts over large areas
constitutes an urgent and immediate need in the State of Ohio.. Until now -
such data had to be collected through painstaking ground surveys and/or
relatively expensive air surveys such as in a recently completed Chio
Department of Natural Rescources survey.(lz) Therefore, an assessment of
the relevance of repetitive ERTS-1 multiband imagery for the detection,
monitoring and inventory df surface mined areas {(as.well as those areas
previously ﬁined and now uhdefgoing reclamation) received the highest -
priority of program efforts within the Ohio ERTS-1 program.

Questions most frequently asked by Ohio researchers and planners
regarding the applicability of ERTS data to surface mining parameters

were.:

(1) Does ERTS imagery show the presence of strip mines,
especially those mined for coal? :

(2) What is the smallest area undergoing strip mining
that can be detected in ERTS imagery?

(3) How effectively can strip mining activities be
monitored?

(4) What is the accuracy of strip mine inventories on a
local, county, regional, and statewide basis? Can
active strip mined areas be mapped to map scales of
1:100,000 to 1:24,0007
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(5) Can strip mined areas undergoing reclamation be
identified? How can the reclamation progress be
measured and monitored using ERIS imagery?

(6) Can completely reclaimed strip minés be identified?

(7) Can spoil bank materials of varying coemposition
be identified?

8) Does ERTS provide the means to identify the location
p
- of all mineral surface mines, i.e., those where sand,
gravel, and limestone are being mined?

State agencies interested in such ERTS-1 data applications include: The
Ohio Department of Natural Resources, the Ohio Geological Survey, the
Department of Economic and Community Development, the Ohio State University,
the Wooster Agricultural Experiment Station and 2 number of out-of-state
researchers from Kentucky, Tennessee, Florida, #pnd Indiana.

The results‘of imagery analysis efforts to answer these questions
" are summarized beloﬁ; Corresponding results of computerized analyses have

been reported by Dr. W. Pettyjohn, et al.(14)

4.1.1.1 Analysis of Ohio Surface Mine Features With ERTS-1

Imagery. As soon as usable ERTS-1 imagery of Ohio became available in
October, 1972, it became obvious that surface mining areas could readilﬁrbe
detected as can be seen in Figure 19, The area shown here was recorded by

the ERTS Multiband Scanner System (MSS) on August 21, 1972, in southeastern
Ohio. : '
' Cn-site radiometric measurements made_of'strip mining features.

in southeast Ohio revealed that, in the visible portions of the electro-
magnetic spectrum (0.4 to 0.7 micrometers), the high wall and spoii bank
material are 3 to 4 times more reflective of solar energy than the surrounding
original vegetation. In the near infrared band, however, wvegetation '
rgflectes sunlight more-effectively, The results of this phenomena were
observed in enlargements of ERTS-1 imagery such as those in Figures 20a

and 20b, which shows a strip mine in southeast Ohio of some 13 km (8 miles)

in length and 1.6 km (1 mile) wide. A cursory examination revealed that,

in ERTS MSS Band 5 (0.6 to 0.7 micrometers), strip mined areas appear very
prominent? whereas in Band 7, (0.8 to 1.1 micrgmeters), bodieé of water

appear more prominent (vefy dark) because infrared radiation is readily
absorbed in the first few layers of water. ERTS muitiband photography

thus provided a means for detection and interpretation of surface mining features

not possible through broad band photography.
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FIGURE 19. ERTS-1 MSS BAND 5 IMAGE SHOWING SURFACE MINING AREAS IN SOUTHEASTERN OHIO.
August 21, 1972  Scale 1:1,000,000
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4.1.1.1.1 Identification of Active and Unreclaimed Coal Strip
Mines. Extensive examination of active and unreclaimed areas on ERTS
imagery revealed that such areas always appeared most promineat in ERTS-1
Band 5 (0.6 to 0.7 micrometers). Areas as small as 0.5 to 1 hectare were
discerned on imagexy obtained during Ohio's growing season (approximately
April 15 through October 15th) during favorable atmospheric conditions.
However, coal strip mine areas of one hectare are not typical
in Ohio. 1In one of the most active strip mine areas in the State (an area
of 30 by 50 km) coal surface mines vary in size from 10 hectares
to areas covering 35 square kilometers. )
A spectral signature .unique to surface mining was not found with
the techniques used during this study. Areas underfgoing development and
construction appeared to have very similiar image densities to surfape
mines, However,-the geographic location of constructibn'sites and mining
sites seldom made their misidentification probable.  Surface miﬁes do not
appear in urban centers, and construction sites were,.at most, several
hectares in size. Also surface mines typically have spatial characteristics
which make them readily discernible and identifiable even to a photo-
“interpreter with little training. Thus, the only features which tended

to cause confusion were construction sites or 1 to 10 hectare sized surface
mines near small communities. These features were properly identified

through observation of multidate ERTS data over: a 6 month period. More
importantly, because of their relative small size, construction sites resulted
in maximum errors of 1-2% in inventoryiang strip mines in county-sized_areas.

To demonstrate the degree of image detail and area fidelity
possible with ERTS-1 imagery to Ohio planners (who repeatedly ask: "How
good are the satellite data and how accurately can I identify and measure
my area of interest?'), a small area of stfip mine land such as the one
shown in the boxed area of Figure 21 was chosen. The particular area to
be analyzed was always required to be of practical interest to the researcher.
This particular area covers some 25 kmz and was located close to the area

in which the largest mining shovel in the world, the ﬁGem of Egypt' was
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FIGURE 21. HEAVILY STRIP MINED AREA IN EASTERN OHIO, SHOWING
PORTIONS OF BELMONT, GUERNSY, AND NOBLE COUNTIES
(AUGUST 21, 1972). Original Secale 1:750,000

Boxed Area Represents Coal Strip Mining Study Area.

operating. The imagery was magnified on the Spatial Data Viewer mofe

than 140 times from the original 70 mm negative. The greatly magnified

image was then overlain alternately with (1) a standard USGS map sheet

te show the scalé 'fit? and (2) a 1:24,000 aerial photograph. (See

Figure 22), The photograph provided a point by point comparison of areas
being mined and the location of strip mine features such as spoil banks and
highwalls. Most importantly, it proﬁided the means to determine area accu=
raclies using ERTS data. The map data, except for scaling purposes, was
rarely useful because the ERTS data typically contained surface mine features
which had not yet been included on the map, and perhaps will not be included

for several years. | .
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Fig. 22b.

1:24,000 Aireraft Photograph of
Strip Mine Area Within the Boxed
Area of Figure 21,

Photos such as these are used
to show that ERTS imagery has
sufficient image quality and
area fidelity to perform strip-
mine inventories (photo by NASA
Lewis Regearch Center).

Fig. 22¢c.

Electronically Enhanced Image Shown
in Figure 21. (Note similarity to
aircraft photo in 22b),

The density slicing viewer (shown in
Figure 16b} was used to distinguish
the various gray levels in the photo.
This technique was useful for dis-
tinguishing the highwall, spoil banks
and the original vegetation in strip
mine areas.

FIGURE 22. CORRELATIVE DATA FOR TYPICAL CHIO COAL SURFACE MINING ACTIVITIES
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Correlation of ERTS-1 imagerj and unrectified 1:24,000 aerial
photography showed repeatedly that active and unreclaimed areas such as
the one shown in Figure 22 could be measured with 95% accuracies using the
electronic planimeter of the density slicing viewer and a Keuffel and
Esser manual planimeter, The largest area inventoried during the progfam
was an Ohio county of 104,387 hectares (258,000 acrés). Results achieved

are reported later in this report.

" 4,1.1.1.2 Monitoring of Strip ‘Mining Progress Using ERTS-1
Temporal Data. Multidate ERTS-1 data of 23 Oth counties where ‘strip mining
of coal was taking place provided a suitable area for monltorlno mining
"progress. To demonstrate the utility of ERTS data, sample sites in areas
familiar to Ohio planners were chosen. Using the multiSpectral-#iewer '
which can display and superimpose up to 4 images simultaneously, repetitive
ERTS~-1 data of MSS Band 5 were matched to scale.and geogfaphic'position,. |
The imagery was then transferred to the density slicing viewer by way of an
~auxiliary video camera. The video camera of the viewer was used to monitor
an aerlal photograph of the same strip mine area or a map of the area.
Matchlng of scale was achieved by adjusting the camera to fllm plane dlstance.
In this way a view of mining features to scales up to 1:24,000 appeared on
the television monitor. Through density slicing téchniques and through use
of a built in electronic planimeter, (as well as standard planlmetrlc
techniques to check accuracy) a gquantative evaluatlon of surface c0nd1t10ns
Vbefore and after a given time interval was made.

A typical example was the controversial area in which two of Ohio's
major mining shovels had moved during January 1973. A comparison was made
of the boxed areas of Figures 23a and 2Z3b of some 20 kmz as recorded by
ERTS-1 on August 21, 1972 and September 3, 1973. Primary analysis was
performed on MS5 Band 5 imagery. During the one-year period in this relatively .
small area alone, 400 hectares of new land had been stripped. (See Figures 23 4

and 24).
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Fig. 23b. September 3, 1973, ERTS-1 MSS Band 5 Image

FIGURE 23. EXTENT OF STRIP MINING OCCURRING DURING
A ONE-YEAR PERIOD IN A HEAVILY STRIP MINED
ARFEA OF EASTERN OHIO AS REVEALED BY ERTS-1
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FIGURE 24, ELECTRONIC ENHANCEMENTS OF THE BOXED AREAS OF FIGURES Zéa AND
23b AND THE RESULTING STRIP MINING PROGRESS CHART.'

This figure 111Lstrates the use of multlaate ERTS=1 data
to monitor Ohio strip mining activities,

4.1.1.1.3 Invéntorying of Sﬁrip'Mines. With the ability to
identify surface mine features with ERTS-1 imagery well established, Ohio
ERTS-1 program efforts were then undertaken to show that the satellite data
could be utilized to provide inventories of entire counties.  Harrison
County in eastern Ohio, which covers sonme 104,450 hectares (258,000 acres)
was chosen as a study area. Accordiag to 1972 data from the Ohio Department
of Natural Resources, approximately 7,130 hectares (17,600 acres) of strip
mlne land remained unreclaimed in Harrison County.

With the éld of the image enhancement viewer Ultﬂ a bullt in
planimeter, an effert was undertaken to denonstrate that (1) the unreclaimed
surface mine areas could be echanced to the exclusion of any other terrain

feature using ERTS i:

ry, and (2) that ap accurate area aleulation wes

possxole in a relatively short period of time, An Augvst 21, 1872 5-1
¥MSS Bznd 5 imaze was used for the studwy, '
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Figure 25 shows a topographic map of Harrison County; Figure 26
shows the total strip mined arcas and Figure 27 shows an electronically
enhanced image of those areas reguiving reclemation. Table 4 lists the
corresponding averages whicn.compare quite favorably to Department of
Natural Rescurces {DNR) data. The results showed agreemant within 3 percent
between date derived from ERTS-1.-imagery and sitate figures in a county of
104,450 hectares (258,000 acres). ERTS-1 data showed a total stripped
acreage of 18.4 percent {or 19,219 hectares/47,472 acres) as compareﬁ to
the DNR value of 19.01 percent (or 19,864 hectares/49,0064 acres). For
unreclaimed areas the figures wers 6.2 pércent for ERTS~1 and 6.8 pérceﬁt
for DNR, Comparison with aircrafﬁ data and on-site inspections further
substantiated the accuracy of tﬁis'inventory. Actually, the lower figures
derived from ERTS-~1 data in this evaluaticn are partially due to the fact
that some o the same areas of Harrison County have been mined more- than
once, In essence, more accurate acreage inventories than heretofore possible

through more -conventional means were obtained,

4,1.1.1.4 1Identification of 01ld Reclaimed'Su;face Mined‘Areaé;
The most useful ERYS information for the detection and monitoring of strip .
mine areas wvhich are undergoing reclamation was contained on ﬁSS Bapd 7 imagery.
Ohio researchers were interested in locating both areas which already had
been reclaimed over a period of 30 to 45 years and areas which were under--
going reclamation. The capability of ERTS to detect areas mined many yearé
ago was useful to the Ohioc Geological Survey for estimatiﬁg reserves of
remaining unmined coal seams. In this researchrﬁroject, ERTS-1 imagéry
“was used to determine if certain suspacted areas had been strip mined many
years ago, rather than conducting a time-consuming search of old permit
records. laitial attempts to use the visible MSS Bands to locaté reclaimed
surface mine areas were unsuccessful because vegetation cover in these areas
was indistinguishable from established vegetation communities in the areaé
surrounding old strip mine areas. However, the numeroﬁs small ponds closely
grouped together, which remained in old strip mine areas even after a new A
vegetational community had sstablished itself, made identificatiou-of

reclaimed arzas readily possible. Thase were vividly displayed in the
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FIGURE 25. TOPOGRAPHIC MAP SHOWING HARRISON COUNTY, OHIO
Reduced From A 1:230,000 USGS Topographic Map
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ENHANCED ERTS-1 MSS BAND 5 IMAGE OF AUGUST 21, 1972
SHOWING THE TOTAL STRIP MINED AREAS OF HARRISON

COUNTY, OHIO.

Black Areas Represent the Totallstrip Mined Areas as
Displayed on the Spatial Data Density Slicing 32
Color Viewer
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FIGURE 27. ENHANCED ERTS-1 MSS BAND 5 IMAGE OF AUGUST 21,
1972 SHOWING THE UNRECLAIMED STRIP MINE

ARFEAS OF HARRISON COUNTY, OHIO

Unreclaimed Strip Mined Areas Are Shown in Black.

COMPARISON OF STRIP MINE AREA ESTIMATES
FOR HARRISON COUNTY, OHIO

TotalrLand Area -~ 104,450 Hectares

30518 L MRS SRR SR SR,

(258,000 Acres) B
ODNR ERIS-1 i
% of strip mined 19.01 18.4 3
land i fﬁ
Area affected 19,864 hectares | 19,219 hectares ﬁ
{49,064 acres) (47,472 acres) i
% of unreclaimed 6.8 6.2 %
strip mined land i
i : | &
% Area unreclaimed 7,130 hectares | 6,476 hectares %
(17,600 acres) (15,996 acres) E
: . 3

TABLE 4, COMPARISON OF ERTS-1 AND OHIO DEPARTMENT
' OF NATURAL RESOURCES DATA OF STRIP MINED

LAND IN HARRISON COUNWTY, OHIO.
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MSS Band 7 imagery as dense black features surrounded by very bright
areas indicative of the presence of live, healthy vegetation. Ponds

as small as one hectare could be discerned in the imagery.

4,1.1.1.5 1Identification of Strip Mines Undergoing Reclamation.

Ohic planners expressed a need to have accurate data about strip mined areas
being reclaimed. Primarily, the success of short- and long-term reclamation
efforts is required by provisions of Ohio's surface mining laws. _
By Ohio law, surface mine operators are required to commence packfilling,‘
grading and resoiling within three months after removal of the overburden;_
-‘Planting of QegEtation mast take place no later than the next growing seasofl,
The seriousness of the reclamation problem has recently been quantified in a
state study which found over 150,000 hectares (370,000 acres) of strip mined
lands in Ohio requiring some form of reclamation at an estimated cost of

$290 million.(IZ} Figure 28 shows a typical example of a small strip mine
area near Zaleski, Ohio which appears in the very initial stages of reclama-
tion. Sinbe a strip mined area is very prominent because of the removal of
the so-célled overburden or originél vegetation, the restoration of such
. an area could be monitored by the increased vegetation récoﬁering such Bafe

areas.

FIGURE 28. STRIP MINE AREA IN CHIO ZALESKI STATE FOREST, :
' SHOWING RECENT RECLAMATION EFFORTS :
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Strip mine reclamation progress was evaluated by the restofation
of a vegetation cover when analyzing MSS Bands 5 and 7. A comparison of
the film density in the strip mine. feature and the surrounding establighed
vegetation served as a measure of reclamation. Areas were estimated to be
reclaimed in four categories — 0-25 percent, 25-50 percent, 530-73 percent
and 75-100 percent. An area was evaluated as being completely reclaimed
if the vegetation density in the strip mine area matched that of the-
original surrounding vegetation. This method of evaluation was thought to
be an acceptable way of measuring strip mine reclamation, even though it
did not address itself to problems such as the ability to detect or measure
grading and régrading in a strip mine area. 1If strip mine_operators'revegetate
strip mined areas, the revegetation effort may be monitored successfully and
repeatedly over huandreds of square kilometers within hours. However, ERTS
data did not reveal if grading was performed prior to such planting and
evaluation of reclamation efforts could only be made effectively with ERTS

data acquired during the growing season.

4.1.1.1.6 Monitoring Strip Mine Reclamation Progress Using Temporal
Data. The utility of ERTS-1 data to measure areas under reclamation in large
areas has already been discuéséd. Another important use of ERTS'dgta is the
monitoring of reclamation progress achieved in a given area and the quality
of success achieved within a given timeframe. '$his_Was succeésfdlly
achieved through analysis of repetitivelERTS-i ﬁSS,Band 5 imégery, Multidate
comparison of areas of a surface mine under réclamat@on in the Zaleski study
site showed little, if any, evidence of revegetétion_which was confirmed by‘
on-the-ground observations over a period of 12 months (see Figure 29}. In
another area of Belmont County, which was observed during a l12-month time
period, analysis of ERTS-1 imagery showed the apparently successful cultivation
of a new grassy vegetation cover. Figure 30 shows the advances of reclama-

tion efforts achieved by September 1973.
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Fig. 29b. USGS 1:24,000 Topographic Map

=

" FIGURE 29. AIRCRAFT PHOTOGRAPH AND USGS TOPOGRAPHIC MAP
SHOWING A STRIP MINED AREA N‘EAR ZALESKI, OHIO
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FIGURE 30. COMPARISON OF MULTIDATE ERTS-1
IMAGERY FOR DETECTING STRIP
MINING PROGRESS AND RECIAMATION
CHANGES. '

4.1.1.1.7 Inventorying Reclaimed Strip Mines and Mines Undergbiﬁg'
Reclamation. An important questicn asked by Ohio researchers not only focused
on the ability to monitor the success of reclamation of a strip mined area,
but also how much area had been reclaimed.. The-Survey of Harrison County
showed that this could be done wifh-acceptable accuracies. Howevér,.reciama-
tion is a process which must be assessed by Ohio's planners to determine how
much it will cost to fully restore the land. The importance of this knowledge
is pointed out by the fact that Chio recently supported an airéraft survey of
all mined areas in Ohio and to determine the conditions of wvarious surface
mined areas and to estimate restoration cost.(lz) - '

This experimentation showed that current ERTS-1 data were too
general to monitor the quality of restoration. - ERTS rescolution did not
suffice to distinguish subtle changes in strip mines such as occur in the

quality of soil, water, and vegetation and topography.
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4.1.1.1,8 Identification of "All Minerals" Suxface Mines. As
already indicated, the mining of gravel, sand and limestone exceeds that
of coal in the State of Ohio. Although the size of the area affected by
the quarrying of these minerals is not nearly as large as that of strip
mining coal, pits formed by the extraction of these minerals have been
readily detected as illustrated in Figure 31. Radiometric ground truth
collected in limestone quarries, coal strip mines and gravel pits showed
that the relative solar reflectance in these surface mines differs
sufficiently to allow identification of the type of minerals mined (See

Figure 32).

4.1.1.1.9 Conclusions. Surface mining Waé the most extenﬁiﬁely
researched application érea in the Ohio ERTS-1 progrém. The program |
successfully demonstrated how ERTS data can be operationallyruseful far
cur?ent Ohio monitoring and invehtory needs. Specifically, it was found
that:

1. ERTS-1 MSS Bands 5 and 7 provided the most useful
~ data, ERTS Bands 4 and 6 were of very little value,
and added only marginally useful ddta.

2. Only ERTS data collected during Ohio's growing season
were useful. When the vegetation appeared dormant or
dead or was snow covered in the imagery, stfip mine
features virtually blended with the background. The
only exception was bodies of standing water in
active mines or mines undergoing reclamation. -

3.. ERTS-1 data can be matched to map scales of 1;24,000

- for the updating of strip mined features in a given
locale. 1If Class A or B topographic mapping accuracies
are not required then entire quadrangle maps may be
updated. However, if map updating is required to accepted -
national map data, then bulk imagery should only be used
to update limited areas of no more than 10 square km.-
This estimate is based on repeated experimentation when

~ researchers wanted to have demonstrated strip mine
feature changes on outdated 1:24,000 maps. ERTS data.
can be readily matched to map scales of 1:250,000 and
smaller for areas covering several counties.,

(These observations are based on the techniques associated with photo-opto-
electronic technigques which lended themselves primarily to demonstrating
feasibility, and were not designed for thematic and cartographic map production.
It is expected that appropriate refined photogrammetric techniques will make
possible the mapping of surface mine features of the entire state, at least

to a map scale of 1:250,000.) -
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FIGURE 31. TOPOGRAPHIC MAP SHEET AND ENLARGED ERTS-1 MSS BAND 5 IMAGE
OF MARCH 27, 1973, SHOWING LOCATION OF OHIO SURFACE MINES.
(SCALE, 1:250,000)
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'Fig, 32a. Radiometric Survey Being Conducted in a leestone
Quarry Within the East Liberty Study Site
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Fig. 32b. Comparison of Relative Reflectance Curves Of A
Limestone Quarry, Gravel Pit, and Strip Mined Area

FIGURE 32. RADIOMETRIC DATA OF OHIO SURFACE MINES.
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Active unreclaimed strip mines are 98 percent identi-
fiable. A 1 or 2 percent error can be caused by large
construction sites which may be confused as small surface
mines. Areas as small as 0.5-1.0 hectare can be identified.

Surface mine progress may be monitored by using multidate
MSS Band 5 data. Only data recorded between April to
November are usable.

Active unreclaimed strip mines may be inventoried in
county sized areas with a 95 percent accuracy. This
figure is based on comparison made with DNR data of 23
counties currently being mined.

0ld reqlaimed areas are most readily identifiable in
ERTS-1 MSS Band 7 imagery.

Reclamation can be monitored during Ohio's growing season _
by determining the type and percent of density of vegetation
cover as measured in MSS Band 5 and 7 imagery., Vegetation

.types such as grass, small tree stands and mature tree

stands can be identified. Tree and grass species cannot
be separated,

Impounded water bodies in old and new strip mines as small
as one hectare can be identified.

, The frequéhcy of data collection is sufficient. Howe&ef,

some of the most active strip mined areas in Ohio were
only recorded twice with sufficient image quality to
provide a temporal comparison. Too many images contained
haze or clouds. Thus, more frequent collection during
May to November, and little, if any, during the remaining
months would result in far better useful coverages in
Ohio-for- surface mining studies,

For state monitoring and enforcement functions, improvement
is resolution to 10-30 meters is required to determlne
certain strip mine features such as exposed coal seams,
graded areas, and types of spoil banks.
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4.1.2 Water Quality

The following paragraphs describe analytical findings relative
to suspended sediments, currents, flooding and algae conditions in Lake

" Erie, reseyvoirs, and other large inland water bodies.

4.1.2.1 Take Erie. Ohio EPA and the Ohio State University

Center for Lake Erie Research personnel are enthusiastic about the poten-
tial use of satellite photography for Lake Erie water quality management
practices. From a preliminary analy51s of repetltlve ERTS~1 scenes, OEPA
' personnel are optimistic that ERTS data can lead to a better understandlng-
of the complex and dynamic characterlstlcs of Lake Erie and thus make

more accurate mddeling possible. In addition to a more precise defini-~'r
tion of nearshore and offshore developments, OEPA personnelzere interested
‘in evaluating such specific correlations as: littoral drift/lake. dis-
persions, algae masses, temperature phenomena; water level and wave re;
fraction.

ERTS-1 has provided an overview of Lake Erie sedimentation

patterns heretofore unavailable. As can be observed in Figure 33,
suspended sedlments entering lnto the western basin of Lake Erie from

many sources are. readlly notlceable Examination of such a synoptlc-
overview provided by ERTS-l imagery quickly established that such problems-:
of Lake Erie are truly multistate and multination in origim. Although
detectable during the.entiré year, these suepended.sediments were most
readily noticeable on April and March imagery since this is the time of
year thet ﬁaximum water runoff from the land occurs. Runoff froﬁ,

racently plowed agricultural lands are especially a major soufce of
sediment loads of the rivers and tributaries that enter Lake Erie. By
utilizing changing suspended sediment pattefns on repetitive ERTS-li
imagery, Ohio ERTS-1 program researchers were 'able to verify the existance
of currents within Lake Erie in general. _

The sediment patterns as observed in the Western basin of iake

Erie and along the entire southern shore of Lake Erie were discriminated into
as many as 16-32 different density levels using ERTS-1 MSS Band 5 imagery.

Future research may determine if the high number of density levels can be



Fig. 33a. ERTS-1 MSS Band 5 Image of March 27, 1973
: Note that the Sandusky Bay land areas appear

partially inundated (see Fig. 33b below for
comparlson)
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Fig. 33b. ERTS-1 MSS Band 5 Image of April 14, 1973

hs
FIGURE 33. MULTIDATE ERTS-1 IMAGERY SHOWING SEDIT}’[ENTA-Wmnq AL *:;AGE}_I
TION PATTERNS IN WESTERN LAKE ERIE o, QUALLEE
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related to sediment concentration per unit volume, and type 6f'

suspended sediments. For example, it was found that outfalls of the
Cuyahoga River have displayed an uncharacteristic, very dark color, which
may be indicative of types of materials dumped into the river. Demonstra-
tion packages containing enlarged and color enhanced photos showing

such sedimentation patterns in Lake Erie were made available to

the personnel of the Ohio EPA, U.S., Corp of Engineers, U.S. Coast Guard,
and to personnel of other interested agencies.

. A study conducted to monitor Sandusky Bay sedimentation pat-
tern utilized -ERTS-1 data from November 3, 1972 to June 2, 1974, ‘Dif-
ferences in sedimentation levels throughout the bay and movement of -
'sedimentation were observed on 11 ERTS-1 images and a Skylab phbtéir
graph as shown in Figures 34, 35, and 36. The study determined that
currents in the bay moved predomidantly in a eortheasterly,direction end _
that sedimentation patterns appeared strongly‘affected by the strength of
prevailing winds eeeepingrthe bay. The ERTS-1 1magery provided an 18 month'
record which could not have been readlly obtained through aerial photo=-
graphy because of timeliness and photographic perspective. This study
showed that continuocus ERTS 1 data provide a data base of current. and sedl-
mentation phenomenon never before available. This effort was undertaken
in support of a site selection study conducted by Battelle for an Ohio
utility company.

Flooding conditions along. the Lake Erie coast line'were,
similarly detected on ERTS-1 imagery (see Figure 33) However,
the 18 day repetltlve cycle of ERTS~1 permitted only co1nc1denta1
analysis of flooding conditions and other natural disasters such asr
forest fires, wind damage, etc. Daily coverage of particular sites at
higher resolution is required for detailed damage assessments,

Attempts to detect the presence of algae in Lake Erie and other
water bodies did not prove fruitful., Algae blooms in Lake Erie occur
only a few days during the year in certain locations, especially in July
‘and early August around Kelley's Island. Perhaps, ERTIS-1 orbital passes
over Lake Erie and other reservoirs in Ohio were not coincidental .

with such algae blooms.
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FIGURE 35. MONITORING SEDIMENTS IN SANDUSKY BAY FROM ERTS-1 (JUNE
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4.31.2.2 Reservoirs and Other Inland Water Bodies. Roundaries

of water bodies appear very distinct in ERTS-1 MSS Band 7 imagery. As
previously mentioned, small water impoundments as small as one hectare
have been discerned. Using ERTS-1 data the gene;al condition of the
- larger water bodies were assessed for suspended sediment content

and water level. Also, through machine-added density analysis, deliﬁea*

tions relating to the relative water depth were made.

4.1.3 Air Quality

The Ohio Enviroﬁmental Protection Agency was established in
October;_1972, to consolidate'envirqnmeutal_Qualify profection activities
in Ohio. It has prepared the implementation plan required by the Federal
Clean Air Act to meet standards set by the Federal EPA, As part of the
plan, officials are required to establish emission limitations for all 7
significant state pollution sources.  In an effort to determine the effect
of pollution sources om air quality, the state has developed an air
movement. model. 7 -

As can be seeﬁ.in Figure.37 fhe aeriél_exteht_of méjor smoke
plumés were readily detected on ERTS imagery.' The origin_of the major. _
smoke plume, shown on this ERTS-1 MSS Band 5 image of 21 August 1972, was -
along the Muskinghum.River south of Zanesville where some ﬁajgf coal |
using industries are located. Similar smoke plumes ' were observed '
on many cther repetitive ERTS-1 scenes of this area, the highly indus-.
trialized Ohio River Valley, and throughout the state. Dr. Wayne A.
Petty john of the Chio State University also investigated ERTS-1 data
for the detection of smoke plumes in.Ohio.(lﬁ) 7

Since major smoke plumes from coal-fuzled power plants and - .
other smoke producing industfies are readily discernible on repetitivé
ERTS scenes, the Ohio Environmental Protection Agency_has expressed
interest in utilizing ERTS data to show the location, movement and con-
fluence of smoke plumes in testing computerized air wotion models being
developed for use in major statewide air pollution control pfactices. |

Also, preliminary analyses of ERTS-l imagery showed that large scale
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FIGURE 37. ERTS-1 MSS BAND 5 IMAGE OF AUGUST 21, 1972,
SHOWING SMOKE PLUME IN SOUTHERN OHIO

Original Scale 1:250,000
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vegetative damage causad by toxic air pc}lutancs ware 1QthlLlaﬂ suf-
ficiently to provide gross estimates aof the damage and to discern arzas
where ground 5urvcys‘were required to further evaluzce the effects
of air pollution on vezercation:

Thirteen metropelitaa areas in Ohio have been designated as
Air Quality Maintenance Areas by the EPA. The designation means these
areas may exceed existing standards by 1983 unless control of growth,
development, 'and land use are exercised. = Potentially, ERTS type data
may be useful in developing and implementing statewide plans for pre~

venting viclation of establishad federal atandards.

4.2 Land Use

Ohio, like many other places in the Unite& States and other
countries, is beginning to experience the preséures of too little land.
Conflicting demands over ‘the use of limited land resources are. plac1ng
severe strains upon economlc soc1al and polltlcal dec151on maklng

'Ll&EWlSE the lack of pnvsxcal resource data and means to analyze the
data have hindered the formulation of sound comprehen31ve pollCles, the
effectiveness of regional planninz and management concepts, and the
evaluation of individual.pfojgcts. Also, one feature common tb'many of
the proposed Congressional bills relating to national land use pollcy
requirements is that, to quallg} for federal funding, the states will
have to include "the preparation and continuing revision of a statewide
inventory of the land and natural resources of the state"_gsfé'bart of
their land use planning process. However, any'imprbvement_in national -
land use pfactices will requiré more -knowledgeable and coordinated
decision making of land use related problems such as unplanned: growth,
land misuse and deteriorating eavironmental quality at the state level.

In responsz to thease land wse issuves, Ohio has.taken'steps'

+

to insure the wise and balanced use of its remaining land resources. In
1972 the Ohio Favironmental Protsction Agency was established bv the

General Asseﬁbly and became.operacional. Likswisz, new legislation has

o
I3
I,
i}
[ §]
1L

been passcd concerning the = mine reclamacion of ceoal and all

.
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minerals. Floed plaln manzgenmznr legislaticn i3 novw under consideration
by the Jeneral Assombly. HMast recantly, a rmulciazency task force has

been established to formulate 2 statewids land uss policy and to establish

o
e
:

sociated information pacds.  Sccordingly, a high-oriority State interest
exists relative to the exten:t, 2ccuracy and cost of usinz orbital survey
earth resources data for pericdically updatinz land use iﬁformation.
The major concern expressed by state, regional and local plan-
ners was whether sufficient detail cculd be discerned in ERTS-1 imagery
to satisfy current and anticipzted land use -information needs. Apnalytical
procadures and results of projéct effores in.réspoase to thié land

use concern follow.

4.2, Tdentification of Land Ussz Features Usinz ERTS Imegery

The identification of land use features in the Ohio ‘program
was governed by two criteriz: (1) ¥hat nationatly accepted land use
schemes are currently being used? and (2) How can’ the needs of the Ohio
land use planmer be accomodated wost effectively with ERTS-1 data?.‘
These criteria were selected so that the success achieved in the Ohio
ERTS-1 program could be measured against that achieved in other land
uée programs by other researchers throughouﬁ the natidn. It also
avoided the temptation to develop individual local schemes which
méy not be responsive to federally recommended land use schemes being
planned, for operational usage. '. 7

As a result the land use scheme developed by the U. S. Geologi-

(15) All evaluations of ERTS-1 data were made with

cal Survey was adopted.
respect to this scheme. It soon became clear that the myltispectral ERTS~1
data suggested the classification of schemes in spectral classes. While

such a classification would have merit, it would héve required a continuou§
interpretation of spectral to real data. By using the USGS scheme, the |

photo analyst or the computer tachnician was forced to provide the inter-

pratation, without confusing the user with intermediate iaformation.
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ictatzd by the
scheme as Level 1 or btevel 1I. The primary avees analvzed were Columbus,
Cleveland and East Liberiy,
Lrom BRIS-1 M55 Bands
5 and 7. Band 5 was well suited for delineating cultural or culturally
affected features such as mixed urban centers, suburbs, old and new
population centers, airports, transportation nstworks, parks, forests,
and open fields. MSS Band 7 was especially useiul for delineating bodies-
of water and urban denSLty Table 5 shows spec1f1ca ly the classgs of
Ohlo land use features SUuCESbellV discerned on ERTS-1 imagery-acquired 
between May and Novembar on relatively cloud-free and haze-free days.
4 practical limication enﬁountered when ldentifying and |

extracting land use data from ERTS-1 70-mm and 240-mm imagery formats
‘was simply that a single scene covers more than 34,000 km?. - Thus,- any .
analysis, whether verforméd through human, human-machine aided or com-
puterized techniques, required the seiection of snaller portlons of Ohio
real estate, typically 1/10, 1/30, and as little as 1/30 of one frame. ‘
Franklin County, which is malnlv comprlsed of the City of Columbus was
concalned within 1/32 oI an ERTS-1 frama. vEffortsrtD_determlng the acpﬁracy_
of land use interpretations during demonstrationrexérciééé required ‘
comparisons with two map scales 1:24,000 and 1:250,000 or uhderflight-
photography. Neverthelesss, the synéptit 0verview_proVided by ERTS-1
imagery readily permitted analysis of large areas and comparison of
smaller areas sepafated by a distance since the imagery was aequired
over the largerAareafsimultaneously under gimilar atmospheric effecfs,
lightiﬁg conditicns, etc. _ ‘

A4 to 10 X magnification was sufficient to identify Le?el 1
features, and magnifications from 10 to 41.7 X were required (1:1,000,000
to 1:24,000) to identify Level II features. Ma gnifications beyond 45 X
wers useless, as no further improvement in spatial resolution. resulted.
However, photographic treatment of ERTS-1 imagzry to enhance{cultural
£e~gurba improved interpretation c2padilities to a limited extent. For
exanplc, high contyast orinting of the Columaua area resulted in a érisp

delinzacion of land usec fgatures not ohservadbiz on thz origin al. imagery.
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TADLE 5, OUIQ LAWD USE FRATURES DISCERSIBIE OX ERTS -1 LHAGERY,

US0S Land Use Classification Sys%%%)for Features Discernible
Use With Remoll Sgcnser bnia

Leval 1
01. Urban and Built-up Land

(t1. Residential Mo
02, uCT?EIClEl and Services No
03. Industvizl o
04, Extractive ‘ Tes
05. Transportation, Communica- Yes
tions, and Utilities
06. Irs»ihutloqal xo
07. trip and Clustered Yes %
Settlemant _ . 5
08 HMived . Yesg
: _ 09, Open and Other ' Yes
02. Agricultural Land
- : . : 01. Cropland and Pasture . Yes
02. Orchards, Groves, Bush T N9

Fruits, Vineyards, and
Horticultural Areas.
03. Feeding Operations No
04, Other '
03. Rangeldand Co o

- 01, Grass ' N/ psss
: 02. Savannas (Pzlmetto Pralrles) _ N/A
03, Cheparral = | o N/A
: 04, Desert Shrub T N/A
04. Forest Land : ‘ ‘ L
01, Deciduous ' o No
02. Evergreen (Coqlferous and %o
Othar) : 5
03. Mixed . Yes'
05. Water y
01. Streams and hatelt - Yes®
02. Lakes - Yes™
03, Reservoirs - . . ~ Yes®
04, Bays and Estuaries o " Yes
05, Ronforested Wetland 05. Other (Ice and Snow) - - Yes
- - ' 01, Vegetated . Yes
(2. Dare Yes
07. Darrven Land
01. Salt Flats . N/A
02. Beaches o No
03. Sand Other Than Beaches No
04. Bare Bxposzed Rock . No
0. Tundra 05. Other
T

. 1. fundra : . WA
09, Porsavent Snow and e .

Teeiicelds

e e i A m L Perran Srony A
Included CCT Alsc
w74 = Classification pot applicanle t9 Mhio.
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the land uses in Ohio was the objective of a 1950 Ohio-land use study.
Utilizing existing 1920 to 1960 dats and USGS 1:2%4,000 copugraphic maps,
the study produced czbulated land use dara and gensralized 1:250,00%
scale land use maps and the 1:550,000 scale lang use map shown in
Figure 38. The land uss maps wers then compared to aerial photographs
collected from 1958 to 196% for accuracy determination. ‘The 1960 Ohio
land use study and mans were cowpleted over a three-year period at a
cost of approximately 5110, "’O ezcluding the costs of obtaining the
éeriai photographﬁ. Although the tabulated land use data provided a
much,needed detailed land use infermation base the study and parti-
cularlv the maps-have been found to be 1ndccurabe in numerous areas.
Accorcln*ly, a high prlor1t" State interest exists relative to the
extent, accuracy and cost of using ERTS data to periodically update
such land use information, espe c1allv in a much shorter time frame.
The preparation of a statewide land use map has been proposed as. part
of the follow~on Ohio ERTIS~- -B program.

However there are some crltlcal tradeoffs lnvolved by utiliz-
1n':r synoptic orbital survey data rather than data obtained from convan-
tional sources. TFor e: <ample, tne 1960 study was done at a scale of
1:24,000 and then combined and generalized to arrive at the 1:250;000
and 1:300,000 maps. Thus, detailed land use work sheets were available
as backups and for use by planners requiring detailed 1nformaL10n.

Using ERTS imagzery, detailed backup work sheets are not available except
for cases wherein detailed land use maps are made for selected areas

of the state. Also, the possibility exists that future operational

earth resource survey satellites may have the capablllty to obtain higher
resolution photography for selected "high interest" development areas

on a less frequen; basis, e.g., once or twice a year coincident with

low cloud cover conditions,

As illustrated in Figure 39 several black-and-vhite mosaics

and a color mosaic of the encire State of Ohio from 100 em x 109 cm
ERTS-1 S8 Eand 5 imagey wore: assemwbled by the Devartment of Transporua-
tisn 2ad the Deparcment of fcenvmic and Community Davclopment. Tha



FIGURE 38.
1960 GENERALIZED LAND
USE MAP OF QHIOQ

Original scale: 1:5300,000.

FIGURE 39. _

'ERTS-1 MSS BAND 5

PHOTOMOSAIC OF THE
STATE OF OHIO

Original scale:
1:250,000



mosaics have been placed in several departments of the state as a com-
municative aid for state planning and management activities. The
significance of the mosaics is, that for the first time, a comprehensive/
synoptic overview of Chio's many diverse envirommental, natural and
cultural surface features and their interrelationships can be viewed
simultaneously. Also, significant is the fact that the ERTS-1 imagery

required to complete the mosaics became available in less than a year.

4.2.2.2 Regional Applications. The ability of using ERTS data
for~discerning various land useé at-tﬁé régional level iﬁ a pﬁotoéréphié
format is illustrated in Figures 40 to 43. An existing land use map of
the Columbus/Franklin County, Ohio, area, an enlargement of a July 30,
1973, ERTS-1 MS5S Band 5 imagery of the-aréa, and a manual grey-level
density interpretation of the enlarged ERTS-1 scene in which teﬁ dif-
farent land uses h;ve been distinguished are shown in Figures 40, 41,
and 42 respectiﬁely. Figure 43 provides a coﬁparison of the manual vs.
machine analysis by showing a series of enlarged and dénsify-sliced
ERTS-1 images of the Franklin County/Columbus, Ohioc, metropolitan area.
Figure 43 shows the total urbanized area, recent urban growth that has
principally occurred over the last 10 years, and the distribution of
treeAstahds, parks and wood lots present in the'approximately 1300
square km Franklin County/Columbus region. These photos are enhance-
ments of October 15, 1972, MS3 Band 5 ERTS-1 imagery. In geheral,
machine aided illustrations presented much clearer and sharper dis-.

tinctions among land use than did manual illustrations.

4.2.2.3 Local Applications. At more of a micro scale, the
feasibility of using ERTS-1 data to discern land use changes and update
land use maps in both computer and photographic formats is illustrated |
in Figures 44 and 45. At a 1:24,000 scale, ERTS~1 data are compared to
aircraft and USGS topographic map data of the Huber Ridge subdivision

area in the northeastern sector of the Columbus metfopolitan area,
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FIGURE 40. EXISTING 1964 LAND USE MAP
OF COLUMBUS/FRANKLIN COUNTY,
OHIO (Courtesy of the
Mid Ohio Regiomal Planning
Commigsion) : L

Original Scale 1:63,360

FIGURE 41. ERTS-1 MSS BAND 5 ENLARGE-
MENT SHOWING THE COLUMBUS/
FRANKLIN COUNTY, OHIO,
STUDY SITE (July 30, 1973)

Original Scale 1:1,000,000
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Highways and Transporturion
Facllities

Water

Heavily Trced Areas - 4 Indus¢rizl Ares

Prinarily Opea land with
[wellings Juartered

o Quarry

Most Recent Urben
Developnent

A Olde~ Crban Araas

Youer Drban Subdivisinns

} 0ldar Settled Areas with
Ul Fay= land rredomivsting .

FIGURE 42.

LAND USE MAP OF COLUMBUS/FRANKLIN COUNTY, OHIO,
DERIVED BY MANUAL ANALYSIS OF AN ENLARGEMENT
OF THE ERTS-1 MSS BAND 5 IMAGE OF JULY 30, 1973

Original Scale ~ 1:125,0060
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Fig. 43a. USGS Topographic Map Fig. 43b.-'TotaliUrBan-Coverage.
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Fig. 43c. Urban Growth Areas Fig. 43d. Tree Stands, Parks, Woods
FIGURE 43. ENHANCEMENTS OF COLUMBUS/FRANKLIN COUNTY OHIO,
i . LAND USE FEATURES DISCERNIBLE ON ERTS-1 IMAGERY
(OCTOBER 15, 1972y }
Original Scale 1:250,000
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4f/a, 1:48,000 Aircraft Index
Photo Sheet of April 17,
1972, of a Recently Urbanized
Area in Northeastern Columbus,
Ohio
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44b, An Electronically Magnified
Portion of an ERTS-1 MSS
Band 5 Photegraph of :
November 3, 1972, of the Area
Highlighted to Illustrate New
Urban Areas and Major
Highways )

44c. Magnified and Color Enhanced
Portion of an ERTS-1 MSS Band
5 Photograph of Nov. 3, 1972,
Superimposed.on a 1964 ,
1:24,000 USGS Topographic Map
- Sheet of the Area

The recently urbanized areas

are highlighted to illustrate
the capability of ERTS imagery
to accurately identify land

use changes.

44d. An Eight-Character Grey-Level
Computer Printout Derived From
the ERTS-1 MSS Band 5
Computer Compatible Tape of
November 3, 1972.

cRITNAL PAGE 1S
~zoenre QUALITY

FIGURE 44. PHOTOGRAPHIC AND COMPUTERIZED EXAMPLES OF ERTS-1 .
| DATA FOR LOCAL LAND USE APPLICATIONS
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Fig. 45c. High Altitude Aerial
Photograph Taken
March 15, 1973.

Original Scale: 1:24,000

FIGURE 45. COMPARISON OF COMPUTERIZED GREY-LEVEL AND MULTIBAND LAND USE
' CLASSIFICATION PRINTOUTS DERIVED FROM THE ERTS-1 COMPUTER
COMPATIBLE TAPE OF NOVEMBER 3, 1972, WITH A RECENT AERIAL
PHOTOGRAPH - : ‘

ORIGINAL PAGE IS The area shown is approximately 1.8 Km x- 1.8 Km and is located
ooennR, QITALITY  in noxchwest poxrtion of Columbus, Ohio. The Ohioc State
' . University Golf Course is the dominant land use in the area.-
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The grey leval print-outs shown in Tigures 444 znd 452 were
derived by dividing the spectral information as stored on tha ERTS-1
858 Band 5 computer compatzble tapes into & equal spesctral ranges with
each character representing one spectral range. Any one character on
the grev level print-out, thefefore, does not necessarily represent any
one natural or cultural feature. In contrast, the computer classifica-
tion shown in Figure 45b was derived by classifying certain individual
land use features by their spectral characteristics in each of the four
ERTS-1 M35 Bands, programming the computer Lo recognize the feature and
similar features, and then prozgramming the'computerlto print-out the
selected features. 1In the print-out shown in Figure 45b tﬁe'fbllowing

characters represent the corresponding land use features:

Character Feature
/. . , Water
% Road
M Grassy.areag
o 7 . Erbanized without éﬁy vooded axeas
s ' — Lightly wooded are;s ' |
5 ' Heavily wéodéd'areas.

An aircraft photograph of The Ohio State University golf course area
is shown in Figure 45c f@r reference and comparison.

Each character on all of the computer printouts are representa-
tive of the dominant feature on approximately 0.6 hectareS'(l;4racres)
of land. These illustrations cléarly provide a comparison of the dagree
of feature detail and change that may be extracted from ERTS data through
magnification and electronic enhancement of imagery and limited com-

puterized multiband processing.

4.2.2.4 Specific Applications. In addition to detecting, -

inventorying, mapping and monitoring natural and cultural surface features
at state, regional and local scalas: ERTS data weve found appropriate

for monitering specialized activities such as siting and development of



nuclear power facilities; transportation facilities; reservoirs, parks
and recreational facilities; prime agriculture lands and areas of envir-
onmental cencern; urban growth and development; and extractive industries
such as surface mining. Figure 46 highlights some of the major land

use changes éssociated with the developments which have occurred in the
area where the U. §. Army Corps of Engineers is currently constructing

a multipurpose dam on Alum Creek just north of Columbus in Delaware

County.

FIGURE 46. ENLARGEMENT OF THE ERTS-I MSS BAND
5 IMAGE OF JULY 13, 1973, ENHANCED
‘TO HIGHLIGHT LAND USE CHANGES RELA-
‘TIVE TO CONSTRUCTION ACTIVITIES OF .
THE ALUM CREEK DAM IN DELAWARE '
COUNTY, OHIO :

Original Scale 1:125,000

4,2.2.5 ﬁultidgte Applications. The following illuétrations
of the Ohio TranSportaEion'Reseafch Center illustrate the-cépability
of ERTS-1 to monitor land use changes over time which was possible. because
of the sun-syachronized 18-day repetitivé overpasses pf ERTS-1. With

the creation of the Ohio Transportation Research Center near East Liberty; -

. ORIGINAL PAGE IS
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Ohio, the area is undergoing a rapid transition from primarily agricul-
ture uses to a built-up area. As seen by comparing Figures 47a and 47b,
ERT5-1 imagery has monitored the construction of the 12 km Oval Speed
Test Track and other surrounding land use changes in the area, Likewise,
the ability to obtain data at various seasons of the year was extremely
valuable in land use information collection activities, especially for
vegetation studies. It is hoped that orbital survey programs will con-
tinue to provide imagery of Ohio areas so that comparisons of longer
time spans can be made as development occurs in and around the Research
Transportation Center, as imnounded water accumulates in fhe=A1um Creek

Dam, and as land use paiterns change in other areas.

4.2,3 Significance of ERTS Data to Land Use Planning,
Administrative and Législative Applications

ERTS data provide the means for fulfilling tne long standing
planning professional's quest for synoptic vision, since innumerable
implications are afforded planners by an orientation.and understanding
of the spatial context and contents of the area under evaluation. An’
integrated view of each land use pattern -and the surrounding dynamicn
land use 1nt9rre1at10nsh1ps often served to clarlfy plannmng problems
and suggest possible solutlons. leew1se as a- communlcatlon dEV1ce,
ERTS-1 data products displayed more informatively the data requirements
nf a-given situation espécially, in a regional context. Thus, ERTS datn
aided in brldglng the gap between the planner s 1nformdt10n bBase and

perceptions with those of his audiences.

4.2.4 Coneclusions

Most Ohio land use features are identifiable in ERTS-1 MSS Band
5 imagery. Bodies of water, and urban densities are best identified on
MSS Band 7 imagery. All five Level 1 USGS land use catagories appllcable
to Chio (urban and bu1ld ~up, agricultural, forest, water, nonforested
and wet land) can be identified in photoscales as small as 1: 1,000,000,

Fourteen out of twenty-three Level 1T land use catagories have been .

8l6 ' [
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Fig. 47a. .
Enlargement of the ERTS 1
MSS Band 5 Image of
November 3, 1972

Original Scale: 1:42,000

. Fig. 47b.
- Enlargement of the ERTS-1

MSS Band 5 Image of
July 13, 1973

Original Scale: 1:42,000

ERTS-1 MSS BAND 5 ENLARGEMENIS HIGHLiGHTING LAND USE CHANGES ASSOCIATED
WITH THE CONSTRUCTION OF THE OHIO TRANSPORTATICON RESEARCH CENTER NEAR

'EAST LIBERTY, OHIO

FIGURE 47.
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identified through machine aided techniques. Several Level IIY cata-
gories, such as types of extractive industries and types of agricultural
were identified.

ERTS-1 bulk MSS data were used to update thematic and
catacgraphic maps of 1:250,000 and smaller. The degree of feature detail
achievable using ERTS-1 imagery greatly exceeded that shown in current
maps. Machine-aided analysis of ERTS~1 imagery has shown that boundaries
of natural and cultural features appear more distinguishabie with details
approaching that of USGS 1:24,000 topographic map data.  ERTS-1 data
have also provided infofmation which map makers have either left off by
mistake or which did not get printed in the process of making the mépu

—However, to the dismay of planners, the_spatial and/or spectral
resolution of ERTS-1 MSS imagery does not permit the distinction of
individual dwelling units, ;ommer;ial, and industrial structurés,

In general, the moét useful ERTS~1 datg for land use appiica«
tions in Chio were collected betwéen April and November. . The reéspn'
is simpiy thaf heaithy vegetation provided a high image ¢ontrast ratio
between cultural and natural features which readily permitted & distinction
to be made between features. Concrete-covered transportation networks, v
fof éxémplg, virtually vanished in ERTS imagery taken during the winter '~
months. . Non-concrete transportation networks within the ursan areas,
however, remained visible. Also, small stfeamé were identified in a
snow covered scene which were not observed uﬁder ény other seasonél,
condition,

The frequency and scale of ERTS-1 data for gemeral statewide
land use application in Ohio were adequate. Increased spatial resolution’
to 10 to 30 meters would significantly improve regional land use appli-
cations. Local land use applications in rapidly develeoping, high density
urban areas require data collection at present frequencias with improve-

ments to 10 meter spatisl resclution.

4.3 Resource Management

The wise marnagement and use of Ohio's diverse natural resources
is considered an important component of governmental programs and activities
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throughout the State. Ohio ERTS-1 prozrac eifcres relating to-Chio's
mineral water, air and land resources were discussed in praceeding

orts relating to Ohio's forest and agricultural

(sl

paragraphs. Preogram ef

o

resources are summarized in the following pa*a"rap%

4.3.1  Forestry

Approximately 24 percent.of Ohio is fofested and G4 percent
of the forest land is privately owned. Ohio's'climate and soils are
ideal for the produbtion_of fine quality hard woods and'about 96'pe£-
cent of Ohio's woodlands are'dgciduous'Stanas.'”Ohio'ERTSFl program’

forestry analysis efforts are described in the foliowing paragraphs.

4,3,1.1_ Forest Inventories. Forest inventories ranked high

on the interest list of Chio's planners since Ohio's map makers have
simply not begen able £o cope with the ﬁroblem cf.updating the many
changes which have occurred,in Ohio's forests.l‘One of the most repeated
demonstrations in thé Onhio program involved. the discernment and 'inventory
of forest features covering tracts of 25 kn? to 30,000 k@Z.  Ohio
researchers showed a keen ‘interest in the capacity of ERTS 1 imagery to
show forest covers and differences between ERTS-1 data and the most -
recent map data at scales of 1:230,000 and 1:24,0QO: Principal inter-
ested researchers were staff members- of the Ohio Biological Suxvey who,
duriﬁa 1973, conducted an environmental analysis of the entire Sciofo'
River Valley watershed for the Huntington District, U. S. Army Corps of
Engineers. The prime obgectlve of the Sc1oto River Valley study was to-
inventory-and evaluate the environmentally important .physical, blologir
cal, and cultural resources of this Central Ohio Water Development
Region. The region covers 26 percent of Ohio or 28,500 kmZ.

' A major problem’early in the Scioto River Valley study was the
nzed to procure a general, inexpensive and accurate map distiﬁguishing'
‘the wooded areas in the region. Topozraphic maps of the area yere Qub-
dated andrrecent aerial photegraphs of the area simply_were not available

Using a d
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Band 5 scenes and placed over 1:250,000 USGS topographic saps as shoﬁn

in Figure 48. The process requirad cloud free FRIS-1 imazes since cloud
shadows and forest features can not be distinguised in the photegraphic
process.‘ Features as small as 10 hectares were recorded, which provided
even more detail chan was necessary for the Scioto River Valley study.
The validity of the density slicing process was checked b» comparing
forest featurcs of 20-25 kmZ in particular areas where aerial photographs
or valid 1:24,000 maps exlsted During the process, it was noted that
the ERTS-1 1navery repLoduccd forest cover detall Ulth a Eldellty
approaching that of 1:24,000 maps and exceeded the map data observable
on 1:250,000 maps which were updated in 1968. The USGS touagraphlc maps
contained férested areas approximately 10 km? in size. - In some cases
areas of this size and larger were actually omitted simply because of

the printing or drawing process. The density slicing experiment

showed that ERTS-1 imagery is very well suLted:for thematically updating
1:250,000 wmaps.

4£.3.1.2 Other Forestrv Apolications. Other Chio governmantal

agenciés,such as erséroads Resource Conservatipn and.Develdpment Organ-.
ization, were also'intehsly interested in Lree species, foreét typés, and
disease and insect damage. Trea species and forest types could not be
identified with ERTS-1 data. Ohio simply does not have large tracks’

of deciducus and coniferdus forests. 1lost plne stands are relatively.
small in Ohio's mixed forests which lnclude oak, hlckorv maple, beach
and ash. Also, tree damage due to any cause could not be readily detected.
The validity of any tree damage evaluations could not be verified since
available aircraft data of pine tree damage in Chio were four years old.‘
What could be consistently observed in ERTS-1 imagery, however, were

" such paramsters as forest cover, maturity and forest density.

4.3.1.3 Conclusioas. ERIS-1 data can be used for updat1

ng
o5t cover with an accuracy aporcaching that of 1:24,000 USGS

w
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maps. The ERTS-1 data products reflect forest cover mora accurataly
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FIGURE 48. THEMATIC TRANSPARENCY OF FORESTED ARFAS IN SOUTHEASTERN OHIO
DERIVED FROM ERTS-1 MSS BAND 5 IMAGE OF OQCTOBER 15, 1972,
(Overlaid Onto Existing 1:250,000 USGS Topographic Maps)




than existing USGS maps (1:250,000) of Ohio. Forest species have not
been distinguishable on Ohio ERTS-1 imagery. Use of ERTS-1 data for
assessing forest damage may be possible, but the lack of underflight

data prohibited such detailed analysis during the Ohio ERIS-1 program.

4.3.2 Agriculture

Chio has a combination of fertile soils and a climate favorable
for excellent farmihg. Throughout history Ohio has been a leader in
"various agricultural efforts. The priancipal crops tb be found in Ohio
are corn, soybeans, wheat, oats énd hay.' The following baragraphs
describe Ohio ERTS5-1 program analysis efforts reléting to the identifi-
cation of major crop typeé in Ohio. -

4.3.2.1 Identification of Major Crop Types in Ohig. ERTS-1

imagery‘prOQidéd an excellent overview of Ohio's'agricultural patterns

and prime agricultural lands were clearly and comprehensively i&entified.?
Therefore, primary state concern wéé to determine if ERTS-1 data could |
be used to identify dominant crop types and acreages associated with

each crop. Such a capability would permit statewide agricﬁltural inven-
tories never before possible. 7 _

A photomosaic of the entire state clearly shdws that the
prominent agricultural patterﬁé are located in the‘relatively flat ter—
_rain of northern, northwestern, western, soﬁthwestern, and central
portions'of the state (see Figure 39), These are areas affected by the
most recent giaciation in Ohio. The unglaciatea eagtern, southéastérn,
and southern portions of Ohie are predominately covered by férésts and
display limited agricultural features.

By analyzing ERTS-1 MSS Band 7 imagetry of the state acquifed
in a time period from August 21, 1972, to Junme 3, 1974, a pattern of .
agricultural practices was observed which may eventually bé felated
to methods of inventorying major crop types in Ohio. Although ground truth
observations and the collection of radiometric crop signatures were
extensive in the Ohic ERTS~1 program, the spectral differences-

as seen on ERIS-1 MSS imagery were not sufficient by themselves
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to distinguish among various crop types. This fact was not too surprising
since the analysis of high resolution color and IR color and multispectral
underflight data yielded only very smali‘measurable density differences.
Therefore, the key to agricultural analysis in Ohio apparently must lie

in the use of temporal ERTS data in conjunction with underflight andi
ground-truth data. Such an analysis was performed in a 93 sq km area in
Franklin and Madison County, and in the East Liberty study site area.

In these areas the primary crop types are winter wheat, corn
and soybeans. U51ng NASA underfllght data obtalned in August 1973 corn
and soybeans were identified with near 100 percent accuracy. ERTS 1 M38
Band 5 and 7 data obtained in June, July, August and September were then
examined. Only on September 3, 1974 ERTS-1 data was a‘differentiatioh
between corn and soybeans noticeable. Tdentification was limited to
fleld sizes of 3-4 hectares. While smaller fields were dlstlngulshable,
no accurate boundaries could be drawn around them to provide an area'
measurement., ' Tdemtification of corn and soybeads on ERTS-1 imagery of
30 fields yielded a 7b pefcénticorrect identification. Most identifica-
tions were made in ERTSfl MSS Band 7.

- Winter wheat appeared as a very prominent siﬂnature;ih ERTS-1 -
MSS Band 5 and 7 imagery. The acreages covered by wheat 1n Ohlo were
estimated by correlating areas which were plowed in the fall w1th the
appearance of the: relatlvely strong spectral 51gnatures of the rlplng _
wheat fields in June to ‘early July. Winter wheat acreages inventoried
in the East Liberty study site area resulted in 80 percént'correct

identification {see Figure 49).

£.3.2.2 Conclusicons. Agricultural crép inventories in Ohio

may achieve 70 to 80 percent accuracy with current capabilities

to correlate ERTS-1 MSS data with multispectral aerial photography and
grouﬁd-truth data. Farm land of less than 4 hectares was usually not
distiﬁguishable. Winter wheat, corn, and soybean ihventories_may‘be made
"by using temporal data obtained in thé fall, spring, and summer of each

vear.



Fig. 49a. ERTS-1 Image of Portion of Fig. 49b. Enhancement of Fig. 49a
‘East Liberty Study Site. : Outlining Newly Plowed
Light Areas are Recently Fields and Recent Construc-
Plowed Fields: . tion on the Chio Trans-— .
portation Research Center

ORIGINAL PAGE I8

Fig. 49¢c. Enhancement of Figure 49a v
Showing Forested Areas (Very OF POOR JQUALI
Dark) and Open Fields and
Pasture (Dark Grey)

FIGURE 49. ENHANCEMENTS OF AN ERTS-1 MSS BAND 5 IMAGE OF JULY 7, 1974
SHOWING AGRICULTURAL AREAS WITHIN EAST LIBERTY STUDY SITE
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Other significant ERTS-1 data analysis activities of the Ohio
ERTS-1 program relatad to underground mines, sanitary. landfill and Lake
Evie ice interests. The rassults of these brief amalysis efforts are

summarized in the fellowing paragraphs

4 ,4.1 Undersround dine Detection

The Depaertment of Natural Resources also has begun studies on
the see?age of surface water into old underground mineé in southeastern
Ohio and the resulting acid.mine water pollution, -ERTS-1 imagery has
been used to detect possible Wet areés in whicﬁ'surface‘water‘iﬁ proﬁi—
nent by vegetalee patterns and vegetation dlfferences whlch may be

caused by adverse effects of such poliution.

4.4.2 Tandfill Tagk .

Recently amended sections of the Ohio Revised Code prohibit
open clump:lmncr of refuse in Ohio and require the use of sanitary landfllls.
The Ohio EPA has estimated that there are 1 2400 1llega1 dunps still
remaining in the state and has been searching_for_a_method of locating
these operations. o o

At the request of QEPA personnelja preliminary assessment of
the ability of ERTS-1 ¥8S imagery to provide an inventory of sanitary
landfills throughout. the state was undertaken. However, the resolution
oF ERTS-1 imagery was found inadequate for this applicatioﬁ.

The OEPA is drafting strong solid waste managément legislation

_which could require landfill operators to formulate plans to terminate
sites, méintain them for five years after closing and. post boﬁd £o
guarantee restorctlon similar to bonding now required tor strlo mining.
Pbtentlally ERTS typc data could be significant to twb passasg and

enforcement of such preliminary 1a*1sldL101
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4.5.3 Lake Erie Ice Monitoxing

1

Synoptic winter-time imagery providad by ERI5-I has likewise
provided a new insight into the characteristics of Laks frie ice condi-
tions. Because of ice conditions, shipping activities on Lake Erie
are limited to the nine warmer months of the year. However, as illustra-
ted in Figure 50, ERTS-1 ihagery acquired'during the winter months
revealed that shipping on Laks Erie‘could possibly occur on a year-wide
basis with some assistance by ice cutters. The Chio Departments of
Transportation and Economic and Community Development are pursuing this-
interest. o & » _ ,

By ‘using multidate ERTS-1 MSS Band 5 and 7 data, ice features
such as cracks, open water, and relative ice thickness were derived. '
Correlation with large scale aircraft and ground truth data was very
imporﬁant for‘correctly identifying ice features éince winter ERIS-1
scenes were rarely cloud free over Lake Erie. Preliminary sterec ‘
examination of ice on Lake Erie revealed differential movements of-

Lake Erie ice flows; but, in general, the 18 day time interval for
repeative coverage was too large to provide meaningful velocity or

trajectory values.

e
Yy
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JANUARY 8, 1974 ERTS-1 PHOTOCRATH

(vigible Band)

CL = Cloud
C5 - Cloud Shadow
HS - Heavy Suspanded Sedimenc

FIGURE

B
LS - Light Suapended Scdiment
* M§ - Moderpte Suspended Sediment

OW - Qpen Water

DECEMBER 22, 1973 ERTS~1 PHOTOGRAPH
(Visibie Band)

FEBRUARY 1%, 1974 ERTS-1 PHOTBCRAPH
{visible Band)

§C - Buaow Cover
5P « Sediment Plume
U5 - Unlforn Suspended Sodiment

50. ENHANCEMENTS OF MULTIDATE ERTS-1 MSS IMAGERY SHOWING VARYING ICE CONDITIONS IN SANDUSKY
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5.0 UTILITY ASSESSMENT

Assessment of the potential utility/relevance of ERTS-1 data
to Ohio was based on a combination of (1) specific ERTS-1 applications
identified and/or demonstrated in the laboratory, (2) user attitudes
expressed while directly partiéipating in laboratory problem-solving
exercises and. (3) user comments recorded on questionnaires during the-
Ohio ERTS/Skylab Data User Workshop. User views as to the operational
implications of initial progfam re3ul;s were also solicited. These.

utility/relevance assessment topics ere discussed below.

5:1 ‘Applications Assessment

Experimental findings as to the potential use of ERTS-1 data
for environmental quality, land use, and resource management in Ohio
were summarized in Section 4.0. Land use and surface mining applications
were specifically described in separate demonstration products(7’8).
These results when integrated with Ohio data use possibilities were
ranked as (1) appropriate for routine use, (2) requlrlng further analyses,
(3) requiring initial analy51s and (4) unappllcable based on current
ERTS data capabilities. The specific applications designated under each

of the four categories were:

I. Appllcatlons for routine use

Surface mining (Prooress monltorlno and mapplng)

Smoke plume (Detection/modeling)

Lake/Resevoir sedimentation monitoring

Forests/Timber general surveys/inventories (all species)
Land-use mapping/thematic mapping

Land use/capability data base

Development trends monltorlng

*s oo

IX. Applications requiring further analysis, Verlflcatlon
and/or demonstraticn

e Transportation planning and route selection
o Agricultural surveys
# BSurface mining (reclamation monitoring)
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o Wetlands mapping/monitering

o Lake ice wmonitoringz

o Soil studies (meisture/types/asscciations)

e Vezetation studies/environmental damage assessment
® Lake Eris water quality modeling

I1I. Applications requiring initial analysis

a  TFlood plain monitoring

# Air guality index monitoring

o Sub-surface water detection/exploration

# Recreation site selection/monitoring i

e Disaster assessment {floods, drought, hail, frost,
tornados)

e Lzke shore erosion monltorlng

IV, Appllcatlcns not feasible

¢ Sanitary land fills (illegal site detection, new site
selection, and approved site monitoring)
» Lake Erie (zlgae) menitoring 7 .
e TForest spacies surveys/fruit (orchard) surveys
@ Forest/vegetation condition monitoring.

Applications judged as appropriate for routine use were those

in which the available ERTS-1 data were analyzed and ﬁofmated in such
a way as to be responsive te information needé of one or more on-going.
state programs. Further studles are required, “however, to assess the
time saving and econOﬁlc Lelnvance of these appllcatlon candidates and
to develop user operatlonal plans. Applications listed as requ1r1ng
further analyses were those in which the linkage between the ERTS-1 data
and user data requirements appears to be compatable{ but more detailed -
evaluation of pfocedures and accuracies are required. ‘Applications in
the third group were those containing significant potential, but not ‘
examined. Appllcatlons in the final category were researched to !
varying degrees but were found inappropriate either because of analytl-l
cal processing limitations or spatial, spectral and/or temporal_data
demands posed by the paténtial user(s).

~ An assessment of the potential relevance of the ERTS-1 data

to major issues and/cr items of concern that-con‘"onted State of Ohio
J

‘decision makers during the ERTS-1 period is contained in Table 6. . Include

are representative natursl, environmental, political, cultural, legigla-

tive and indusctrial izems.

d
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TABLE 6. [ERTS-1 RELEVANCE TO CURRENT OHIO ITEMS OF CONCERN

Major lssues/Items of Concern in Chio During ERTS-1 Peried o Estimate of Potential Value of_F.RTS'-l Data

None Low Medium Hirh

& Matural Items

(1) Lake Erie shore crosion and flooding

(2y River flooding @
(3) ‘Tornado
() Drought during agricultural growing season (i$)
{5) Rain surplus during planting and harvesting season ' 4]
(6  I'rost damage to orchards L]

¢ Enviroumental Ttems
(1) 1llepal sanitary land fills o ® o
{2y  Smoke plumes confluence studies v e,
{3y Water quality modeling . *d % @
(4) scenic area preservation ) % e @
(3) Vegetation eflects of dir pollution _ RS S
(6) vepetation cffects of surface mining drainage %\1} & ¢
(7) surfacc mining erosion monitoring y% - '
(8) Pollution damage to wildlife ,‘-1@ @

e DPolitical Items
(1) Redistriecting y ©
(?2) Reorganization (New department/agency creations) . B \
(3) Revenue sharing - @ ¢
(#) Appalachia programs o &
(5) Governor's lask Force Formulation of Ohio @
: Land Resources Program (Statewide)

o Cultural Tteoms
(1) TEnergy crisis o ‘ : ©
(2} FEconomic depression in Southeastern Chio ' : & .
(3) evelopmental conflicts : ' @}
(4) Daylight Savings Time . ' - : © : '
(5) Highway data base and network planning o . o ‘

(6) LExtension of transporting season on Lake Erie o ‘ - )




TABLE 6. (Continued)

n

Major Issues/Items of Concern in Ohio During ERTS-1 Period

Estimate of Potential Value of ERTS-1 Data

None

L.ow

Medium

High

—
[}
C
——-

-

ALITVOD H00g g
ST #9Vd TYNIn] o

lLegislative Items

(1)
(2)
(3)
(&)
{5}
{6)

Coal surface mining law (passed 1972)

All minerals law (passed 1974)

State land use policy (under study)

Tax TYssue I (passed 1973)

Flood plain regulation (pending)

olid waste conltrol bill (scheduled 1975}

(1.

(2)

Industrial Items

Lake Brie navigation extension
Power siting o

{3y Mincral explorationr"

e 666

eo
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Relevance assessments of the potential utility/relevance of
ERTS-1 data to Ohio expressed by users while directly participating in
laboratory problem-solving exercises and user assessments racorded on
guestionnaires during the Ohio ERIS/Skylab Data User Workshop are dis-

cussed in the following paragraphs.

5.2.1 User Views.

) The comments and recommendations noted in this section concerning—
ERTS~1 data are based upon the synergistic reflections of applications
and needs as expressed in a statewide uéer commuﬁity. This statewide
user community consists, organizationally, of two major divisions:

(1) State agencies -(i.e. DECD, DNR, EPA, 0DOT), and (2) regional, local,
and special planninglorganizations. Each. user division can, 1n turn,.
be subdivided according to data.needs and applications. . - ' .

The utility of ERTS-1 data in terms of satiéf;ing user data
ﬁeeds is inherent in the data itself. A cursory review of the subject
'data provided-by.ERIS-i readily alarts potential usaws ofughe data value
to his ﬁeeds. However, -the integration ¢f these data with operational
program activities quickly illuminates numerous data limitations that are
determined by the context of application rather than thé data itself,
Therefore, user utility may be limited not only by the type of data
generated by ERTS-1, but also by the functibnal nature of user orgaﬁiza—'
tions. Throughout OQhio the various planning disciplines éperate in
the public sector ox are largely dependeat upon public funds for support.
This funding mechanism limits data analysis and application efforts to
those prozrams specifically designated in budget requests. Oncé these
funds are released only a few very large user organizdtions would be
capabls of developinz neaw data processing capabilitics for the accommo-
dation =f ERTS-type data. This lizitation is also félt at the state
agency ievel where small or routine information neseds are satisfied

through conventional methods., The responsibiliites of state agencies,



]
however, also require smaller scale, comprehensive inventories of state
resources, and in this context the techaizal and cost appyopriations of

ora, the key in

Fiy

FRTS-1 data have been favorably demonstrated. There
determining the user ﬁost-benefit of ERTS dats is bassd upon:
(1} the geographical sizz of the application zvea, and/or (2) the volume
of routine small scale dzta neads. Both factors afe reflectad in the
functional nature of the potential user organization.
T Given a segment of ERTS~1 data considered to have.value to é
user in an application context, the actual data benafit will be influenced
by three general parameters. The first user consideration is data
collection and analysis cost. Although the dissemination of "ERTS-1
data via Souix Falls has proelded an inexpensive outlet for raw data,
the proce551ng requlrements {either optic or dlcltal) have precluded
most second divisicn users such as reglonal and local agencies from
partltlpatlng in the use of such data because of cost and expertise
limitations. Thus potential users in these categories are currently_
~bound to handling data by conventional methods. The temporal_hature
of program funding places many potential users in a position of 'do it
now or not at all'. Therefore, if_rélevantlERiﬂri.déta.are available
to the usger.at thertime of program initiation, the probability of data
application is high and if the data are not 1mmed1ate1y avallable ‘the
user will look to more 1Fmed1ate data B0ULCeS) :i . ‘ -
'The third parameter affectlno ERTS type data appllcat1ons is
immediate-response oriented users. Air and water contamination alerts
are monitored by the hour. Thus relevant data may not have an applica-
~tiom utility because of current limitations on data délivery time, or"
because of relatively long processing and énalization requirements.
Organizations affécted by this immediate.data avallability requirement -
are, génerally, those agencies with regﬁlatory'and enforcemznt responsi-
bilities, or those concerned with extraordinary natural phenomena such
as weather, water, and fire and biological. _ ' A
Given the preceeding parameters, ERTS-1 data utility, in an
application context can be viewed as a function of data processing and

analyzation time and costs, and legislative and administrative priorities-

ORIGINAL PAGE,I}S
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as reflected by programmatic funding and data availadbility. Organiza-
tionally agencies concernad with regional and/or statewide iaventories
of natural and cultral surface features have been Found the most con-
gruent with éhe epplicétiun parameters. This user group consists

mainly of state and federal agencies charged with the execution of
comprehensive studies. These studies frequently are precipitated by
national issues and priorities and are funded partially or wholly

by federal sources. The comprehensive scope and funding level of such
programs determines their overall nature as 'one time' or infrequent’
application éubjects. For example, theKOhiq Department of Economic
and-Community Development completed a statewide land use mapping

effort in 1964, Since that completion date the state lapd use map has
not been updated. Although it is highly probnble that such an
updating will eventually occur, and, in fact, has frequently occurred

on 2 local basis, it is clear that such large-scale programs, singularly,
occur on an infrequent and irregular schedule. This situation makes |
in-house data handling capabilities uneconomical on a per agency basis.

Many regional, local, and special planninglintarests lacking
comprehensive federal and/or state fiscal support, generate a larger
volume of moderate and small data applications than the larger, first
division users. This local type of user, in aggregate, represents
potentially the most consistent demand for ERIS type'dafa and data
applications. The "trade off" between the infrequent, large scale
user, and the smaller, more routine user rests with two primary deter-
minents. ' '

The first "trade off" consideration is the data analization
load factor and project expertise and funding levels. Programs suited -
for ERTS data applications decrease in funding levels and they inecreazse
in frequency. This inverse relationship is also presenh in the szcond
"trade off" determinent concetrning data capabilities. As potential
user applications became more local and frequent in scope, ERTS tuvpe
data become less useful. Therefore, those programs most frequantlv’
in nzed of ERTS type data are the least able to support data analizaticen
costs, and these programs are alsc the most likelv to requirz greacter

resolution capabilities



5.2.2 Workshop Questicnnzirz Responses

Responsos to thz guastionnairs distributed during the Ohio

ERTS/Skvlab Workshop (see Acpendix B) nrovide an iasight as Lo current

J

views of a broad specirum 0f potentisl Wscyw utb stite, rezional and
local levels. | _

Of the twenty-five questionnaires completed, two-thirds repre-
sented potential users from &gsncies currently involved in data collection
and analyses activities. In assessing current.data needs, résponses were
nearly equally divided as to adequacy in terms of timeless, deta11 pro-
vided, format utility and cost incutred. The majﬁrity. however, consxdered
that current manpower alleccations were too. high. Many normally utlllZEd
existing'maps and publishzd data such as census daté{'-Ohlyrin a few
selected cases were supplémentary data such as aefial photography'
required. Data requireﬁents varied between daiiy and weekly, and.map
scales utilized were primarily 1:50,000 and larger. - Actual use was
dictated by the funetional responsibilities of the agency.

Estimates as to actual budzet éavings tﬁéi may be possible -
utilizing ERTS varied from 1 to 25% in the case of data collection to
1 to 50% for data analysis. The later was contingent upon the success
of CCT interpretation and the availabilicy of'cost.éhare user incentive
programs. _ | '

In comparing ERTS to conventional data sources respondees
consistently judged ERTS data as more comprehensive, more timely, more
uniform, but less accurate. The need for additional investigations as -
to potential uses of ERTS data was expressed 2 to 1. '

Recommendations for improving future satellite earth resources
survey systems unanimously favored increased. resolution, about one- half
supported addiang thermal IR capabilities, and one-third expressed an
interest in acquiring data in shorter time frames,

_ .'As to funding parameters, the majority expressed a willingnéss_
to‘participate in satellite data uée programs on a cost share basis

with the federal goverament. About one-half also exprassad an interest

in group program pavticipation, but one volunteeorad to 22 & single
sponsor.  All were affirmative as to the \alge of the workshop and the
ma joricw indicated ths suld attend other such. worasnd

105 -
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The emergsnce of satellite survey data as a petential routine
data source for expanding state needs in the envivonmantal quality, land
use and vesource management areas is timely. Ohie, like other states,
stands to benefit significantly if data acquisition and lnterpretaelon
measures are responsive to operational data needs. Based upon the
results of this program, a preliminary assessment of the optimum data
capabilities (spectral, spatial, and temporal) required to fulfill dater
'neede involved in state research, planning, management, policy formula-
tion and legislative enforcement on a routine basis is pfovided-in'r
Table 7. The recommendations are a combination of teehn}eal_findings
and expressed views of numerous user personnel participaeing in the
prograw. ' ‘

Of major operational importance is the optimism with which
potential user personnel are currently viewing satellite earth resource
data use. Considerable staff-time commitmants and some state funds were
allocated for exploring ERTS-1 data application OppOTtUHltlES in on-
going programs. H0weve1, the development of useful and cost- e0mpet1t1ve
products remains a majox ehaTIenae to the rOutlne use of ERTS-1 data
analysis technlques. Addltlonally, in- depth research programs of both
technical and economic nature are necessary before routine utilization

of ERTS type data is possible;

Efforts to improve and refine two generel program areas.
-ecould greatly expedite the operational acceptance of ERIS data in
multidisciplinary resource management activities. The first area is
concerned with data availability and data processing procedures.
Environmental regulation and enforement activities must have immediate
data delivery in terms of days rather than months, before ERTS data
will supplant on-site inspection as a routine oparational procedure.

"Following data receipt, there is an obvious need to centralize
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CTABLID 7. .OPERATIONAL SATELLITE EARTH RESOURCES SURVEY DATA REQUIREMENTS FOR STATE-LEVEL
ENVIRONMENTAL QUALITY, LAND USE, AND RESOURCE MANAGEMENT APPLICATIONS
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data analization and product dissemination to - zllow £or an économical
start-up and precessing cost amoritization. In Ohio the operation of
such a facility would b2 incumbent mainly upon thé state govarnmant,
However, the resources ns2cessary for the creation of such a structure
need not be entirely a state rgsponsibility. Within the boarders
of a state such as Ohio are numerous levels of governﬁental agencies
requiring significant amounts of data that could be supplied by ERTS,
Many federal agencies such as EPA, DOT, USDA, HUD, and the Uﬁ*Ar@y Corps
of Fongineers acti&ity undartake comprehensive projeécts within the state
that lend themselves to ERIS data use. Other organizationé within the
state that are heaﬁily supported by federal funds for various land -
.resources-projects-include‘privéte researéh oﬁganizations,_muniCipalitié$,
and industry.  Therefors, with numerous organizatiens in the state
responding directly or indirectly to federal priorities and issues
that deal with state resources, it is evident that these potential
users would also benefit from a centralized data storage, analization,
and dissemination center. Given the degree of effort mecessary for
such a system, it is doubtful if Ohio could adequately accomplish such
a task w@thoutrconsiderable assistance from the previously identified
_potentiagl user agencies. | _ .

‘The second area requiring improvement is the data itself.
Ail users, especially urban planners, expressed a desire for higher
resolution. Ten meter maximum resclution is the pervasive limit‘for
optimum data utility based upon a mdltidisciplinary'user audience.
In conjunction with increassd resolution is the need for thermal IR
data. Particularly ia the measurement of water related parameters,
thermal IR data could supply a needed dimension for the accurate
measurement of many surface feature properties that, as contributory
data, would enhance the discernment and rapid analization of environ-

mental anomalies,



6.0 USER AWVARENESS

To maxiﬁiZe end-user familiarization with multispectral data
from aircraft and spacecraft and with esarth rescurces servey disciplire
developments in general, many communicative techniques were explored
during the course of the Ohio ERTS~1 program. The major user awareness
technique employed and the one found most effective involved laberatory
demons trations which illustrated what ERTS-1 data revealed in magnified;
color coﬁposited and enhanced, and digitized formats. During the nearly
two-year program, over 1,000 ﬁisiters ﬁere,ex?ose& to ERTS-1 data during
visits to Battelle's Remote Sensing Applications'Leboratofy. Many of the
visitors represented working~level planpers and dec131on makers from the
various participating state agencies who made repeated visits to ]01nt1y
analyze ERTS data in regard to a variety of state data requlrementsy
Other visitors included educators and students, regional and city_plahnere,
and interested researchers from other states and coentries. '

To supplement user awareness communicative efforts via-telephone
and personal visitations, an Chio ERTS Data User Handbook was prepared and
distributed to key peoﬁle with resource management responsibility throughout
Ohio governmental agencies. The handbook contained tutbrial’ieformetibn-
about the ERTS~1 system and potential uses along with sample data products..
Since the handbook appeared to have limited value relative to the cest ofi
photographically reproducing useable ERTS-1 scenes, initial plans for
periodically up-dating the handbook were not reallzed Instead, the hand-
book effort was replaced by the preparatlon of explmcmt and detalled B :
demonstratiqn'products in specific applicetion ereaS'such.as 3urface mining(T)-

(8 : i ‘ :

more potential ERTS data users, The demonstration products proved much more

and land use. The demonstration products were widely distributed to many -
effective than the user handbook in communicating with potential end users.’
Near the end of the program, as a response to almost daily requests
from various governmental personnal throughout Ohio to have ERTS-1 capabili-’
ties and data use possibilities explained and demonstrated, and to assist

the state in makiong the final utility assessment, the Ohio Department of
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Economic and Community Develeopment in conjunction with Battelle's Columbus
Laboratories sponsored an Ohio ERTS/Skylab Data User Vorkshop in March 1974,
The workshbp agenda has been included in Appendix B of this report. '
Approximately 100 land use, resource, and environnental planhers from all
sections and levels of government and private sectors participated im this
two day workshop. While serving basically as anothér user awvareness activity,
the workshop was also tailored to solicit user views as to the poteatial
usefulness and/or limitations of data and deta products obtainable from
satellite surveys. The major results derived from this workshop were
summarized in Section 5.2.2 of the Data Utility Assessment. The workshop,
took place outside the labdratory, and more successful than other Ohio
ERTS oﬁtside—the—laboratory meetings and seminars, mainly because some
-equipment for analyzing the data were transported to the workshop lscation
(See Figure 51). - | . , - . )
As planned, othex communicative efforts were expended in édditibnal_
public awareness activities., Most significant were the following:
e An exhibit describing the Ohio~ERTS program was prepare&
for the Governor's booth at the 1972 Chio State Fair (see
Figure 52). The exhibit/display also contained a short
film describing the ERTS-1 program and a pamphlet describing
the Ohio ERTS-1 program specifically, Similar displays were
also prepared for the 1973 and 1974 Ghio_Staté Fairs by the
Ohio Department of Transportation. _ 7
» On December 21, 1972, a press announcement was made and a
statewide news conference was arranged to describe Ohio's
optimistié reaction to initial ERTS-1 imagery on Ohio.
The news conference was held in Battelle's Remote Sensing
Applications Labératory and demonstrated the ability.of
ERTS-1 MSS imagery to provide the means for detecting and
mapping strip mined areas in southeastern Ohio, detecting
powver-plant smoke plumes and providing the data necessary
to compile up-to-déte land-use maps. The electronic and
newspapey coverage of this conference was assessed as

exceptional by state officials.
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o On May 16, 1973, the Battelle Remotc Sensing Applications
Laboratory and the multidisciplinary Ohio ERIS and Skylab
programs were the subject of an electronic news conference
which resulted in a four-minute special feature during the
local CBS TV evening news broadcast.

o On June 14, 1973, the Professional Land Surveyors of
Central Chio held their monthly meeting at Battelle's
Remote Sensing Applicationé Lanratory at which time the
Ohio ERTS~1 project was reviewed and a laboratory
demonstration provided.

¢ The Ohic ERTS pfogram was featured in a. full-page érticlé
written by William McCann in the August -20, 1973, edition
of the Cleveland Plain Dealer._' '

@ APress cbvérage of the program activities oécﬁrred at
various times and extensive coverage resulted from the

Ohio ERTS/Skylab Data User Workshop held on March 4~5, 1974,

ERS TORKSHOP, STOUFFER'S UNTVERSITY .TNX,
110, WARCH 64-5, 1974 | |
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7.0 MISCELTXﬁdOub

Ohio ERTS-1 program efforts relating to sducaticon, NASA, and

professional coordination are swhmarized below.

7.1 Education

Ohio ERTS-1 program efforts have also contributed to the pursuit
bf the educational implications of this new technology. Close cooperation
was maintained with;theerﬁmittee o& Remote Sensing'at The Ohio. State o
University which is ﬁroviding academnic leadership'locally in this area.

_ Durlng the week of October 23-27, 1972, some ten State of Ohio
and Battelle staff members participated in the remote sensing snort course;”
held at The Ohio State University which was supported in part by the Ohio
Department of Economic and Community Development.  The course covered all
agspects of the theory and practice of remote sensing of potential importance
to the resource manager. A second similar short course is planned for late
1974. At the request of the Remote Sensing Committee of The Ohio State
Univcrsity, interdepartnental oraduaté-level seminatrs on the analysis and
multldlsc1pllnary applications of ERLS 1 data were conducted b\ the Ohlo -
ERTS~1 project staff as part of a course taught in tha Spring of 1973 and
1974. The seminars at The Chio State University were followed by two-hour,
in~thErlaboratory seminars at Battelle's Remote Sensing Appllcations
Laboratory. 1In addition to the seminars, several students were assisted
- in -their eduéatiémal pursuits during the Ohio ERTS-1 program. This assistance
'included"cdnsul;atione and graphic products for graduate theses. ‘The
Committee on Remote Senéing hasg recentiy completed. plans for establishiﬁg a
formal undergraduate degree program in remote sensing-af The Ohio State _ 
University. ' | _ .

At the reguest of the Cooperative EXtensioﬁLSarviée of "The Ohio
_StatelUniversity, Ohio ERTS-1 project staff members discussed Iznd use
applications of ERTS data and the Ohio:orbital survey programs zt the
Cooperation Extension Services' Land Usd Planning Workshop.helé'on

Septeamber 12, 1973, at The Ohio State University. Later that Zay ac
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Battelle's Remote Sensing Application Laberatory, land use applicatioas
of ERTS-1 data were demonstrated to more than thirty of the extension

agents participating in the two-day workshop.

7.2 WASA and Prefessional Ceoordination

State of Ohio and Battelle representatives attended the NASA
meeting describing the preliminary findings from analysis of ERTS-1
observations held at Goddard Space Flight Center on September 29, 1972,
and selected sessions of the Eighth International Symposium on Remote
SenSLng of the Eovironment that followed y

Mr. George Wukelic and Mr. Joachim Stephan of Battelle Coluﬂbus
laboratories and Mr., Terry Wells of the Statg,of Ohio a;teqded the ERTS-]
Symposium held by NASA at the Sﬁeratcn Mbtor Inn in Wew Carrxolltan,
Maryland, on March 5-9, 1973. Mr. Wukelic presented the paper entitled’
"Resource Management Implications of ERTS~1 Data to Ohio" (3) _

State and Battelle perscnnel assisted NASA Lewis officials in
formulating a presentation for a Governors' conference on ERTS datd,use.
Thirty-five mm slides of Ohio orbital survey data,‘data acquisition and
analysis equipment and orbital suxvey demonstration products were giﬁen to
the NASA Lewis staff for their presenﬁa;ions. Also, cloud free ERTS-lT
MSS Band 5 70~mm negatives were provided to NASA lewis Research Center
for constructincr a photo mosaic of the entire State of Ohio for
educatlon/publlc relation purposes. 7

In an effort to inform the Office of Manacement and Budget of
Ohio's iﬁtérest in satellite survey opportunities and concern regarding
recent ERTS/Skylab funding decisions, a letter prepared by Governor John J.
Gilligan of Ohio, was sent to Director Roy Ash of the Office of Management
and Budget. A letter also was sent from Governor John J, Gilligan of Ohio
to Mr. Richard Fairbaaks, Associate Director of President Nixon's Donest;c
Council which noted the potential relevance of the ERTS program to Ohio'
resource management, planning and legislative activities and expressed

concarn of the lack of funding incentives for state users.

1 ° o i - - M +
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_ On October 30, 1973, Paul Pincura and Terry Wells representéting
the State of Ohio and Joachim Stephan of Battelle Columbus Laboratories
presented a forty-five micute review of the Onio ERTS-1 prbgram to a NASA
Earth Resources Discipline Panel at Goddard Space Flight Center. As a
result of the NASA discipline panel reviews, a summary of the Ohio ERIS-1
Progr@m was presented at the Third ERIS-1 Princinal'lnves*igafor’s Symposiurn
sponsored by Goddard Space Flight Center which was held during the week of

December 10 to December 13, 1973, in washlngton, D. C. (5

Durlng this
conference The Honorabie Charles A. Mosher of Ohio, Chairman of the U. 8.
House of Representatives' Commitﬁee on Science and Astronautics; was briefed
‘by Paul Pincura of the Ohio De?artment of Economic and Community as to the
relevance of the ERTS program to Chio. ' ' A
Also, on October 30, 1973, Mr. Clem Meier of the Chio Dapartment
of Natﬁral Resources presented a similar paper written’ by State .of Ohio- and
Battelle-Columbus personnel titled "Application of Remote Sensing to Resource
Management at the State Level” at the symposium on Management and Utilization

(4)

of Remote Sensing Data at Sioux Falls, South Dakota. This paper summarized .
~ and pictorally displayed the usefulness of orbital survey data to comtemporaryl
resource management problems faced by various depa}tménts and agencies of the
State government in Ohio. - _ .
On November 1 and 2, 1973, State and Battelle personnel reviewed
Ohio's orbital survey programs with Mr. Alexander J. Tuyahov, an associate
of the Earth Satellite Corporation (EARTHSAT) and Mr. David W. Stroh, an
" associate of the Development Research Associates, who were conducting an
ERTS benefit analysis study for the Unlted States Department of Interlor.
- The Ohio ERTS/Skylab earth resources suivey program was the subjeut
- of a paper titled "WultldlsC1p11nary Applications of ERTS and Skylab Data in
Ohio'" which was presented at the NMinth: Internatlonal Symp051un on Remote
Sensing of Environment held on April 13-19, 1974, in Ann Arbor, blchlgan.(G)
On June 25, 1974, Mr. Paul G. Pincura, Ohio Department of _
Economié and Community Development (ODECD), presented&a reView of the Ohio
ERTS and Skvlab program to educational representatives attending a workshop

at the NASA Lewis facilities.



8.0 SUMMARY, CONCLUSIONS AND RECOMZENDATIONS

-y

This section surmarizes the results of the Ohio ERTS~1 user
program and contains conclusions and recommendations important to improving

future carth resocurce satellite survey programs,

8.1 ' Summary

This program has successfully established an ERTS data analysis
facility, a valuable pﬁotographic.and radiometric data base on OhioJ and a
core team of technical and administrgtivelexperts familiar with the oppor-
‘tunities and limitations of current orbital survey data., Participaats from
state, - -regional and local levels contrlbuted to' this prellmlnary utilitcy
assessment. In almost all caSES, actual Oth ERTS5-1 program activities followed
those proposed. As planned, data collection efforts included on-site
photographic and radiometric surveys as well as multispectral aerial under-
flight photography. These correlative data inputs were extremely valuable
for determining and verifying ERTS-1 data applications and accuracies in the-
areas of environmental quality, land use and resource management.

Although a drain on available and limited reéources, a variety
of user awaréQESS activities were conducted to precipitaﬁe'ﬁhe technclogy
transfer process. -Techniéues found most effectivé were those in which.
potential users, technical specialists, and data analysis equipment capable
of displaying ERTS data in enlarged and color-encoded formats were brought
ﬁogether either in, the laboratories or in a workshop envivoanment. The
procedure also facilitated the experimental testing of the practicél use
of ERTS data for near real-time problem-solving situations. '

Most analyses of the multispecﬁral and multidata ERTS imagefy were
performed by especially designed electro-optical equipment. Computer tape
analysis was done primarily to demonstrate results obtainable by using the’
ERTS digitized data. - Negative atitudes resulted in most cases where potential
user/user groups were exposed to only ERTS-1 imagery in the original small |

scale format.
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Considering the experimental nature of the initial ERIS-1 effort
and the limited remote sensiag.expérience of wmost of the part1c1pants
prog'aﬁ results are considered Quite successful, S cific data éppllcatlon
possibilities in each of the three discipline areas researched have been
identified and ranked according to user relevance and operational promise.
Based on current ERTS-1 data limitations, other use possibilities have
been evaluated and rejected or identified as requiring additional analysis.
Finally conclusions and recommendations important for improving the state
level utility of future earth resources satellite syskems have resulted from

this experimental effort. These are provided below.

8.2 General Conclusions and Recommendaticas”

1. ERTS type data can be of significant praCticﬁl value
to on-going and anticiﬁated statewide environmental
and resource management programs. Recommendation -
hASA and Department of Interior cbntlnue to dEVElop
earth resources satellite systems rg§30n51ve to.staté—'
level user needs. o ‘

2. State-level ERTS-1-data utilities are 6f two distinct
types, routine and as needed (mostly one- time) uses.
Recomnendatlon - LAS%/Department of Interior should
recognize and foster both data use opportunities.

3. States with little remote sensing experience/
capabilities can effectively participate in satellite
data utility activities if available research and
planning personnel.are educated as to ERTS data products
and capabilities. Recommendatidn - A series of ERTS user.
assistance programs for identifying, educating and
assisting potential state user (s) should be established.

4, State, regional and local governments, as well as private
interests in using satellite acquired data are steadily .
growing but immediate majer investments for routine use:

of such data will be slow in materializiag. Recommendation -



Clarification of federal goals/objectives in the
'earth resources orbital survey applications area

is required as well as an initiation of.a formal
cost-sharing incentive program for motivating
participation of potential user groups..

Most major banefits associated with state goverament
use of ERTS type data relate to law enforcement
functions. Unfortunately, current ERTS capabilities
are not adequate for most state eaforcement data.

. requirements. .Recommendation -~ Sericus consideration
.should be given to providing specialized orbital
payloéds having spectfal, spatial and tempcdral data
capabilities commensurate with state legislation
enforceﬁent neéds, partiéularly in the eqvironﬁental
area.

ERTS activities are suffering from the "solution
looking for 2 problem" syndrome that is adversely
affecting user support of this new technology.
Recommendation - Separate ERTS prog;éﬁ activities
"should be initiated in the areas of (1) education,
(2) research, (3) application demonstrafion, and

{4) end-users. | .
Aircraft underflight data and on-site ground.surveys
are necessary to identify application avenues; to
establish interpretation accuracies, and to verify
procedures for routine/operational uses.
Recdmmendation - Mo;é time and dollars should be-
expended on ground truth and aircraft data acquistion,
data correlation and extension analyses before extensive

-~

state-level operational uses are expected.
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The ‘acceptance of remote sensing technology as a tool
for state-level problem solving and decision making will

be paced more by analysis and product development progress,

rather than satellite system remote seasing capability

improvements, Recommendation - More effort should be

expended on identifying and developing procedures and

" products responsive to user- capabilities and needs at

the state, regional and local levels,

Numerous domestic and foreign ERTS-1 inﬁestigators are
generating results of potential significance to end users.
Because of the similarity in problems, analySES techniques

and applieations analyzed better communlcatlans particularly
among user participants, are required to avoid unnecessary -
duplication of efforts, Recommendation - More "user - orlented“
publications, meetings and programs .should be supported in
addition to the broad 'discipline oriented” meetings :
currently being held.

State-level assessments of satelllte data utility are at

such a preliminary stage that realistic time and cost

savings estimates can not be derived. Future state program.
participation, justification and investment options will be

influenced by the generation of reliable estimates and

"adversely affected by undocumented claims. Recommendation -

Effort expended in the ERTS cost-benefit area should be
directed at fewer but more realistic cases in which adequate

data exist to permit their documentation.
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8.3 Specific Conclusions

1. Initial research indicates that multispectral-and multidate
satellite data such as ERTS will be of practical value to state agencies
in planning, monitoring, and controlling surface mining activities.
Sﬁtellite coal strip mining progress monitoring in Ohio is currently a
prime candidate for becoming a routine application. The extendability of
this capability to other surface mining activities in COhio requires further
analyses and evaluation. Similarly, further research is required to déterminel
the extent that satellite datra can be used rourinely and econdmically by .
states such aé ﬁhio for surface mining (all minerals) reclamation monitoring
functiorms. Céftainly increased resolution (to 10-30 meters), the addition
of a thermal infrared channel and more frequent éovefage would -increase the

value of future satellite surveys for surface mining applications.

2. large smoke plumes such as from power plants have been réadily
discerned which can potentially contribute to statewide air quality-modeling and
and to studies of the distribution and confluence of smoke plumes in critical

environmental areas.

3. The lack of ERTS-1 M35 imagery for stereoviewing was a major
disadvantage, Stereoscopic viewing of adjacent ortho'tfaces rgfealed pﬁly )
"noise", except ds related to actual displacement of ground feature images.
Since the images are formed under computer control, NASA should consider
processing & second frame with the image displaced by a parallax proportional
tb terrain height £for stereoviewing and interpretation.

In many appllcatlons ERTS~1 MSS images were found to be true
orthophotos since the vertlcallty was closely controlled and. the covetage was.
less than 6% as compared to common mapping photography with 90° coverage.
Since ERTS-1 images are corrected in processing for scale and positioﬁ, they
were well suited for simple map inspection and gross planimetric revision.

For example, a simple overlay of USGS 1/250,000 map transparencies onte a
1/250,000 ERTS mosaic of Ohio revealed the long overdue need of revision of
the USGS map series. However, ERTS-1 MSS image resolution was not-sufficient
for the actual revision since the pixel size was too large to achieve national

map accuracies for large scale maps.
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4, Ohio ERTS~1 program efforts evaluated and demonstrated
the types of imagery and digital satellite survey data analysis techniques
and products that can be produced on a routine basis for land use parameters.
Evaluations indicated that ERTS data are more than adequatelfor periodically
mapping and inventorying major natural and cultural surface features at
scales smaller than 1:24,000 and at less cost and with better accuracies

than with previous techniques.

5. TFor selected study-site areas, thematic transparencies from
ERTS-1 imagery are over 95 percent accurate for mature forested areas_in
" excess of 10 hectares (25 acres),. and although the accqracy’has-hot as yet
been determined for extrapolated regions, it appears comparable to the USGS-
1:24,000 maps and mofe accurate than. the 15250;060, especially for urbanized

areas.

6. ERT3-1 scale imagery does not provide for sharp delination .
of geometric configurations at relative low contrast ratios. The identi-
fication and inventorying of features with similar tones such as those found . .
_iﬁ midwest agriculture (e.g., corn and soybeén) are:difficult because of
this spatial limitation. Also, ERIS-1 spectral resclution is not adequate
to provide routine separation of midvestern erops having similar spectral
‘signatures. As a result, temporal analysis;proééd@res'afe ektreﬁely important

to the successful application of ERTS-1 data for agricultural surveys in Ohio,

7. Providing ERTS data on a2 more frequent basis during the winter
season could improve the operational potential for using such'synéptic data
for extending the navigation season on Lake Erie. Also, a more'frequenf'cycle

would permit stereo determinations of ice flow velocities and trajectories.

8. The single Ohio data collection platform demonstrated the
capability of ERTS~1 to relay environmental quality data several times a day
when functioning properly. However, Ohio EPA personnel cbnsider.sensors,
espacially water quality monitoring sensors, too complex to be operated
remotely in conjunction with a data collection platform. Experience to date
with remotely sensed data indicated that frequent in—the"fiéld'sgryice require-

ments were as expensive as periodic sampling by field personnel.
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9. The mésc significant program result was the swiftness with
which remote sensing from space captured the interest and confidence
of potential state and local user groups, in spite of their limited
experience in the application of remote sensing technology. Many user
agenéy personnel are now knowledgeable and qualified in. applications
of ERTS-1 and other remotely sensed data.

10. The program experimentally verified that multispectral
and multidate satellite imagery has definite utility in planning and
ménagement functions of various Ohio'goverdmentai'agenqies} in-designing 7
'aﬁa enforcing‘legislation, énd in.qchiEVing Ohio environméntal protection
and resource management goals.  As a direct sﬁort-term épin—off, the
State of Ohio further benefited from participation in the ERTS program
by the strengthening of relations between and among majar state agencies;
especially in the area of functional planning assistance and coordination.

11. The development of a completely state-supported opera-
tional program for utilizing experimentally demonstrated ERTS-1 data
épplications will be a difficult task for the State of Ohio or any
single unit of government to accomplish without federal resource
assistance.

12. Continuing research programs.aimed at using orbital
survey data for resource managemeﬁt problem solving in Oﬁib éré viewed
as desirable, both from the viewpoint of benefiting the citizens of
the State of Ohio as well as providing the necessary experience for.
developing statewide capabilities for the routine use of such data in

the future..
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APPENDIX A

COVERAGE AND OUALITY OF OH1O ERTS-l_QﬁTA (BY ORBITAL TRACE)

Pate Time Arca Quality Comments™
TRACE 1

8/21/72 15353 Eastern Lake Erie _ Very good
8/21/72 15354 Eastern Ohio and Pennsylvania Very good
§/21/72 15361 SE Ohio and West Virginia Very good.
9/8/72 15355 KE Ohio and Pennsylvania Very pOOr
9/8/72 15362 SE Ohio and 907 West Virginia ~ Poor
9/26/72 15361 SE Ohio and 90% West Virginia Poor
10/14772 '_15354 NE Ohio and Lake Erie L Good
10/14/72 15361 Eastern Ohic and Pennsylvania Good
10/14/72 15363 SE Ohio and 90% West Virginia Poor
12/7/72 15362 NE Chio and Pennsylvania Very poor
12/7/72 15364 Eastern Ohio - o Excellent
12/7/72 15371 SE Ohio and 907 West Virginia Poor
1/12/73 15355 NE Ohio and Pennsylvania . Good
1/12/73 - 15362 Eastern Ohio and Pennsylvania Good
1/12/73 15364 SE Ohio and 90% West Virginia Cood

1 2/17/73 15362 NE Ohio and Pennsylvania ‘Excellent
2/172/73 15365 Eastern Ohio, West Virginia, & Excellent

Pennsylvania .

2/17/73 15371 SE Ohio and 90% West Virginia Good
2/17/73 15374 SE Chio, West Virginia, & Kentucky Very good
3/1/73 15375 SE Ohio and West Virginia Fair
3/25/73 15375 SE Ohio and West Virginia Fair
4/12/73 15364 NE Ohio and Western Lake Exie Fair
4/30/73 15363 NE Ohio and Western Lake Erie Fair
5/18/73 15362 " NE Ohio and Western Lake Erie ‘Fair-
5/18/73 15365 Eastern Ohio and Pennsylvania Fair
5/18/73 15371 SE Ohio and West Virginia , Good
5/i8/73 . 15374 SE Ohio, West Virginia, & Kentucky - Good |
6/5/73 15361 ' NE Ohio and Western Lake Erie Good
6/5/73 15363 Eastern Ohio and Western Pa, Fair
6/5/73 15370 SE Ohio and West Virginia Fair
6/5/73 15372 SE Ohio, West Virgimia, & Ky. Fair
6/23/73 15360 NE Olio anmd Western Lake Erie Fair
6/23/73 15365 SE Ohio and West Virginia Fair
7/29/73 15353 NE Ohio and Westcrn Lake Erie Poor
7729713 15355 . Fastern Ohio and Western Da. Very poor
7/29/73 15362 SE Ohio and Vest Virginia Very poor
/09773 15364 SE Ohio, West Virpinia, & Ky. Poor
8/16/73 15391 NE Ohio and Western Lake Erie Fair
8/16/73 15354 Eastern Ohio and Western Pa. Poor

# Qualily relates to pencral eloud cover condition over area covered by,

satellive photography.
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APTPEWDIX A | (Continued)

Quality Comments’

Date Time Area
TRACE 1 (Continued)
9/3/73 15350 NE Ohio and Western Lake Erie Excellent
9/3/73 15352 Lastern Ohio and Western Pa. Excellent
9/3/73 15355 SE Ohio and West Virginia Excellent
9/3/73 15361 SE Ohio, West Virginia, and Ky. Excellent
9/21/73 : 15343 NE Ohic and Western Lake Erie. Fa%n
9/21/73 15350 Eastern Ohio ‘and Western Pa. . Fair
10/9/73 15540 Nﬁ Ohio and Western Lake Erie Poor
18/9/73 15343 Eastern Ohio and Western Pa, Very. poor
10/9/73 15345 SE Ohio and West-Virginia Very poor -
10/9/73 15352 SE Ohio, West Virginia, & Ky. Po?r
10/27/73 15334 NE Ohio and Western Lake Erie Fa?t
10/27/13 15340 Eastern Chio and Western Pa, Fair
10/27/73 15343 SE Ohio and West Virginia Excellent
11/14/73 15333 NE Ohioc ‘and Western Lake Erie Good
12/2/73 15332 NE Ohio and Western Lake Erie Excellent
12/2/73 15335 Fastern Ohio and Western Pa. Excellent
_1?/2/73 15341 SE Ohio and West Virginia Excellent
- 1/25/74 15320 NE Ohio and Western Lake Erie Excellent
1/25/74 15322 Eastern Ohio and Western Pa, Good
1/25/74 15325 SE Chio and West Virginia Good
2/12/74 15315 Eastern Ohio and Western Pa. Fair
2/12/74 15322 SE Ohio and West Virginia Very Good
3/20/74 15305 NE Ohio and Western Lake Frie Excellent
3/20/74 15312 Eastern Ohio and Western Pa. Excellent
3/20/74 15314 ~ SE Ohio and West Virginia Fair
5/31/74 15302 Eastern Ohio and Western Pa. Poor
5/31/74 15304 SE Ohio and West Virginia Poor
TRACE 2
8/22/72 15405 NE Ohio, Lake Erie, and Canada Poor
8/22/712 15412 North from Salt Fork Lake Poor
8/22/72 L5414 East of Columbus, North of boot Poor
8722772 15421 South of Ohio River boot Poor
9/9/72 15411 NE Ohio, Lake Erie, and Canada Poor
9/9/72 15414 East of Columbus Poor
9/9/72 15420 SE Olhio and Kentucky Fair

* Quality relates to general cloud cover condltlon over area covered by

satelllte photography.
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APPENDIX A, (Continued)’

Quality Comments

Date Time Area
TRACE 2 (Continued)

i0/15/72 15413 NE Ohio, Lake Erie,‘énd Canada Very poof
10/15/72 15415 East of Columbus Fair
10/1s5/72 15422 SE Ohio and Kentucky Fair
11/20/72 15420 NE Ohio, Lake Erie, and Canada Very poor
1/13/73 - 15413 NE Ohio, Lake.Erie, and Cleveland . Good

. 1/31/73 15415 NE Ohio, Lake Erie, and Cleveland - Very good
1/31/73 15422 " East of Columbus . Very good
1/31/73 15424 SE Ohio and West Virginia Very good
1/31/73 15431 South from OChio River boot " Good
2/18/73 15421 NE Ohio, Lake Erie, and Cleveland Very good
2/18/73 15423 East of Columhbus ' Good
2/18/73. 154130 SE Ohio and Kentucky Good
2/18/73 15432 South from Ohio River boot Fair
3/8/73 15422 NE Ohio, Lake Erie, & Canada Excellent
3/8/73 15424 Columbus and Eastern Ohio Excellent
3/8/73 15431 SE Ohio Excellent
3/8/73 15433 SE Ohio and Kentucky Good
4/13/73 15422 NE Ohio, Lake Erie, and Canada - Good

- 4f13/73 15425 Columbus and Fastern Ohitio Fair
4713/73 15431 SE Ohio ‘ Poor
4/13/73 15434 SE Ohio and Kentucky Very poor
5/1/73 15424 NE Ohio, Lake Erie, and Canada Very poor |
5/1/73 15430 Eastern Ohio ~ Very poor
5/1/73 15433 SE Ohio and Kentucky . Very poor
6/24/73 15414 NE Ohio, Lake Erie, and Canada " Poor
6/2&/73 - 15420 Columbus and Eastern Ohio Fair
6/264/73 15423 SE Ohio ' Very good
6/24/73 15425 SE Ohio and Kentucky ' Good

- 7/12/73 15415 _ Columbus and Eastern Ohio ' Fair
7/12/73 15422 SE Ohic ‘ Excellent
7/12/73 15424 SE Chio and Kentucky' Excellent -
1730773 15411 NE Chie, Lake Erie, and Canada Poor
7/30/73 15414 Columbus and Eastern Chio Fair
7/30/73 15420 ‘SE Ohio- Good.
7/30/73 15423 SE Ohio and Kentucky " Fair
8/17/73 15410 NE Ohio, Lake Erie, and Canada Fair

' B/17/73 15412 Columbus and Eastern Ohio Fair
8/17/73 15415 SE Ohio " Poor

* Quality relates to general cloud cover condition over arca covercd by

satellite photegraphy.
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APPENDIX A. (Continucd)

Date Time Area Quality Comments*
TRACE 2 (Continued)
9/4/73 15404 NE Ohio, Lake Erie, and Canada Excellent
9/4/73 15410 Columbus and Eastern Chio Excellent
9/4/73 15413 SE Ohio Excellent
9/4/73 15415 SE Ohio and Kentucky 7 Excellent
9/22/73 15404 NE Ohio, Lake Erie, and Canada Poor
9/22/73 15410 Columbus and Eastern Ohio Poor
9/22/73 15412 SE Ohio Poor
10/10/73 15394 NE Ohio, Lake Erie, and Canada Good
- 10/10/73 15401 Colunbus and Eastern Ohio Fair.
10/10/73 15403 SE Ohio . Fair
10/10/73 15410 SE Chio and Kentucky Fair
12/3/73 15391 " NE Ohio, Lake Erie, and Canada Excellent
12/3/73 15400 "SE Ohio T ~ Excellent
12/3/73 15400 SE Ohio Excellent
1/8/74 15382 NE Ohio, Lake Erie, and Canada Good
1/8/74 15384 Columbus and Eastern Ohio Good
1/26/74 15374 NE Ohio, Lake Erie, and Canada Poor
2/13/74 15371 NE Ohio, Lake Erie, and Canada’ Very Good
2/13/74 15374 Columbus and Eastern Ohio ~ Good
2713774 15380 SE Ohio Poor
2/13/74 15383 SE Ohio and Kentucky Fair
3/3/74 15381 SE Ohio 'Fair
TRACE 3
9/28/72 15465 Toledo and Detroit Poor
11/3/72 15473 NW Chio, Lake Erie, and Toledo Poor
11/3/72 15480 Columbus, SW Ohio, and East Liberty Fair
11/3/72 15482 Southern Ohio and Kentucky Very good.
11/21/72 15474 NW Ohio, Lake Erie, and Toledo Very poor
11/21/72 15474 NW Ohio . Very Poor
11/21/72 15483 Southern Ohio and Kentucky " Very Poor
12/27/72 15480 NW Ohio Very poor
12/27/72 15482 Southern Ohio and Kentucky Very poor
1/14/73 15481 Southern Ohio and Kentucky Good
2/1/73 15480 NW Ohio and Lake Erie Very poor -
2/1/73 15474 NW Ohio Very poor
'2/19/73 15484 Southern Ohio and Kentucky Fair
3/9/73 15480 NW Ohio, Lake Erie, and Canada Very poor
3/9/73 15485 SW Ohio Very poor
3727773 15481 NW Ohic, Lake Erie, and Canada Excellent
3/27/73 15483 Columbus and Western Ohio Excellent
3/27/73 15490 SW Ohio, Indiana, and Kentucky Excellent
¥ Quality'relates to general cloud cover condition over area

%by satellite Photography,
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APPENDIX A, (Continucd)

VDate Time Arca B Quality Comménts*
TRACE 3 (Continued)
4114773 15480 N Ohio, Lake Erie, and Canada Excellent
L114/73 15483 Columbus and Western Ohio Excellent
4114173 15474 SW Ohio, Indiana, and Kentucky Excellent
572773 15480 NW Ohio and Lake Erie Very poor
5/2773 15482 Western Ohio- Very poor
5/20/73 15475 NW Ohio, Lake Erie, and-Michigan Fair
6/7/73 15474 NW Ohio and Lake Erie Excellent
6/7/73 ‘15480 . Columbus and Western Ohio _ - Good
6/7/73 15483 S§W . Ohio, Indiana, and Kentucky - - -~ Good
6/25/73 15472 WY Ohio and Lake Erie IR Excellent
6/25/13 15475 - "Columbus and Western Ohio , Excellent
6/25/73 15481 SW Ohio, Indianz and Kentucky Excellent
7/13/73 15471 © NW Qhio and Lake Erie :  Excellent”
7/13/73 15474 Columbus and Western Ohio Excellent
7/13/73 15480 S Ohio, Indiana, and Kentucky Excellent
8/18/73 15464 N Ohio and Lake Erie Good
8/18/73 15471 Columbus and Western Ohio Good
8/18/73 15473 SW Ohio, Indiana, and Kentucky Fair-
9/5/73 15465 Columbus and Western Ohio A - Poor
9/5/73 15471 SW Ohio, Indiana, and Kentucky Poor
9/23/73 15460 N¢ Ohio and Lake Erie Excellent
9/23/73 15462 Columbus and Western Ohio Excellent
9/23/73 - 15465 S8W Ohio, Indiana, and Kentucky . Good
10/11/73 15453 NW Qhioc and Lake Erie - Excellent
10/11/73 15455 Columbus and Western Qhio Excellent
10/11/73 15462 SW Ohio, Indiana, and Kentucky Excellent
12/22/73 15443 NW Ohio and T.ake Erie Poor
12/22/73 15450 - Columbus and Westera Ohio Poor
12/22/73 15452 SW Ohio, Indiana, and Kentucky Poor
2/14/74 . 15430 NW Ohio and Lake Erie - " ' Very Good’
2/14/74 15432 " Columbus’ and Western Ohio . Fair
2714774 15435 SW Ohio, Indiana, and Kentucky Poor
3/4/74 15433 SW Ohio, Indiana, and Kentuck Poor
3/22/74 15422 NW Ohio and Lake Erie ' Y Good
3/22/74 15424 ~ Columbus and Western Ohio Excellent -
3/22/74 15431 SW Ohic, Indiana, and Kentucky - Excellent
5/15/74 15410 NW Ohio and Lake Erie " Fair
5/15/74 15413 Columbus and Western Chio Poor
5/15/74 15415 SW Ohio, Indiana, and Kentucky Very Poor
6/2/74 15403 NW Ohio and Lake Erie ' Excellent
6/2/74 154G Columbus and Western Ohio " Excellent
6/2/74 15412 SW (i:lo, Indiana, and Kentucky Excellent

*Quality velates to general cloud cover. condition over area covered by

satellite photography.
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APPENDIX A., (Continued)

SW Ohio, Indiana, and Kentucky

Date Time Area Quality Comments*
TRACE &

8/24/72 15532 SW Ohio, Indiana, and Kentucky Very. poor -
8724772 15523 Toledo dnd area to the West Poor
10/17/72 15532 Western Ohio and Eastern Indiana Poox
10/17/72 15535 SW Ohio, Indiana, and Kentucky ~ Very good
12/28/72 15541 SW Ohio, Indiana, and Kentucky Very geod
1/15/?3 15533 Western Ohio and Eastern'lndiana’ Very poor
2/2/73 15532' NW Ohio, Michigan, and Indiana B ‘Very poor
212773 15535 Western Ohio and Eastern Indiana Very poor
3/10/73 15541 Western Ohio and Eastern Indiana Very poor
3/10/73 15544 - 8W Ohio, Indiana, and Kentucky Fair
3/28/73 15535 NW Ohio Very poor
4/15/73 15544 SW Ohio, Indiana, and Kentucky Poor
5/3/73 15543 SW Ohio, Indiana, and Kentucky Very poor
5/21/73 15533 Southern Michigan and NW Ohio Good
5/2Y/73 15540 Western Ohio and Eastern Indiana Very good
5/21/73 15542 SW Ohiop, Indiana, and Kentucky Very good
6/8/73 15532 NW Ohio, Michigan, and Indiana Excellent
6/8/73 15534 Western Ghio and Eastern Indiana’ Very good
6/8/73 15541 SW Ohio, Indiana, and Kentucky Good
1/14/73 15525 NW Ohio, Michigan, and Indiana Fair
7/14/73 15532 Western Ohio and Eastern Indiana Fair
8/19/73 15531 SW Ohio, Indiana, and Kentucky Fair -
9/6/73 15520 NW Ohio, Michigan, and Indiana Good
9/6/73 15523 Western Ohio and Eastern Indiana . Poor
9/6/73 15525 SW Ohio, Indiana, and Kentucky . Poor
5/24/73 15514 NW Ohio, Michigan, and Indiana Very Good
9/24/73 15520 Western Ohio and Eastern Indiana Very Good
'9/24/73 15523 SW Ohio, Indiana, and Kentucky : Good
10/12/73 15511 NW Ohio, Michigan, and Indiana Poor
10/12/73 15513 Western Ohio and Eastern Indiana Poor
10/12/73 15520 SW Ohio, Indiana, and Kentucky Poor
11/17/73 15505 NW Ohio, Michigan, and Indiana ‘Very Good
11/1%/73 215511 Western Ohio and Eastern Indiana Very Good
11/17/73 15514 Very Good

* Quality relates to general cloud cover condition over area covercd by

satcllite photography,
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APPENDIX A, (Continugd)

Quality Comments“‘

Date Time Area
! TRACE &4 (Continued)
12/5/73 15501 NW Ohio, Michigan, and Indiana “Very Poor
12/5/73 15510 Western Ohio and Eastern Indiana Very Poor
12/5/73 15512 8W Ohio, Indiana, and Kentucky Very Poor
1/28/74 15495 SW Ohio, Indiana, and Kentucky - Very Good-
2/15/74 15484 N Chio, Michigan, and Indiana -~ -~ Excellent
T 2/15/74 15490 Western Ohio and Eastern Iadiana Excellent
2/15/74 15493 SW Ohio, Indiana, and Kentucky Excellent
3/5774 15482 NW Ohio, Michigan, and Indiana Very Good
3/5/74 - 15485 Western Ohio and Eastern Indiana Fair
3/5/74 15491 SW Ohio, Indiana, and Kentucky Fair
5/16/74 15471 Western Ohio and Eastern Indiana Poor -
5/16/74 15473 SW Ohio, Indiana, and Kentucky Poor
6/3/74 15461 NW Ohio, Michigan, and Indiana Excellent
6/3/74 15464 Western Ohio and Eastern Indiana ‘Excellent
6/3/74 15470 SW Ohio, Indiana, and Kentucky Excellent

* Quality relates to general cloud cover condition over arca covered by
satellite photography.
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APPENDIX B

OHIO ERTS SKYLAB DATA USER WORKSHOP
AGENDA AND QUESTIONMAIRE




9:00 AM,

31:30 A.M.

1:00 P.M.

APPENDIX B

AGENDA
OHIO ERTS/SKYLABR DATA USER WORKSHOP

Stouffers University Inn
3025 Olentangy River Road
Columbus, Ohio 43202

March 4-3, 1974
5:00 A.M., -~ 3:30°P.M.

Monday, March 4, 1974

PLENARY SESSION ~- Moderatovr - Lavrvry L. Long, Chiéf, Burcau of Land Usc
Planning, Deparrwent of Economic and
Community lDovelopuent

Introduction and Welcome - Dr. David C. Sweeot, Directer of the Ohio
Depavtment of Hconomic and-Community Developaent

Skylab and ERTS Films - NASA

Coffee Dreak

ERTS Background and Status - Dr. Herman Marlk, NASA Lewis Resecarch
Center, and Fred Gorden, MASA Goddard Space
Flight Centexr L

Skylal Background and Status - James E. Powers, NASA lieadquarters,

Washington, D..C.

Orbital Survey Date Operational Ywmplications - Dr. Richard C. Cerhan,
Baldwin-Walluace Collepe

Lunch

Ohio Satellite Prograw Suwmmary - Paul G, Yincura, ERTS/Skylab Coordinator,
Department of Economic and Community Develop.

Battelle Program Invelvement - Ceorge E. Wukelie, Battelle Columbus
) ’ " Laboratorics . )

Air and Water Applications - Ceorge B. Carrett, Ohio Enviroumental Protection
Agency

Surface Mining Reclamation Implications and Smoke Plume Detection =
Dr. Wayne A. Pettyjehn, Ohio State University

Natural Resource Applicatioms With [Emphasis on Strip Mining = Clemens J. Meier,
Ohic Department of Nztural Respurces

Ly}
;
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3:10 -3;30

3:30 P.M.

9:C0 ALM,

10:00 A,
10:45 A,
11:30 A,

1:00 P.

M.

Land Use Applications - Terry L. Wells, Department of Natural Resources
Coffee Break
Transportation Applications - Lloyd 0. Herd, Ohio Depactment of Transportation

Forestry and Vegctation Applications - Dr. Denais M. Anderson, Ohico
Biolougical Survey

Remote Sensing Applications for Chio Agricultural Resource Planning -
James M, Dowdy, Ohio State University

Local User Comments - Paul Baldridge, Columbus Department of Communi.ty
! Develepment; Ray M. Kuchling, Mid-Chio Regional
Planning Commission; David Y. Uinsom, Soil
Conservation Service :

. Tuesday, March 5, 1974

LARORATORY PROBLEM~-SOLVING SESSIONS - Joachim G. Stephan, H. E. Smail, and
T. ¥. Ebbett of Battelle Columbus laboratories.

Note: Laboratery cquipment designed to enhance
satellite imagery will be present along with
corresponding data to. provide worksunop partic-
ipants an opportunity to apply ERTS/Skylab data
to their regions and discipline interescs.

biscipline Applications - Water Resources, Land Use, Forestry/Agriculture,
. Epvironmental Quality, and Mapping.

Functional Applications - Planning, Policy Formulation, and Legislation®™
Area Apalysis - Local, Regional, and State
Lunch

Utility Evaluation Scssions - Paul G. Pincara, DECD; George E. Wukelic, BCL

Open Discussion and Comment Upon flata Utility - Workshop participants

* Sessions conducted in comcert with DECD and Battelle personncl.

ORIGINAL, pyg
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APTENDIX B
OIIO ERTS/SKYLAB DATA USER QUESTIONNAIRE™

W we: - - PO%:?L PA6p 1o
(2) AFFILIATION: . QDAL[W
(3} Primary Intercsts: 7 ) '
(4) Who norwally collects and analyzes the data?

Collects Analyzes

Your own agency

Hired consultants
Research organizations
Other:

Not Applicable

. (5) What methods or conblnatlon of data collectlon and analysis methods currently
provide the most effecrive results and effective. use of manpower and mopey?

(6) 7% of your budger spént for data acquisition which could be provided by an operational
_ satellite survey system; if any? .- : N ) )

(7} % of your budget spent for data analysis and product wmeneration that- could be
undertaken with satellite survey data analysis capabilities and cquipment,

(8) Do present data acquisition/analysis methods provide adequate products in terms of:

Time: Yes No Cost: ' Yes No
Useable Format: Yos No Manpower: Yes No
Detail: Yes No

(9) Utilizing the following categorized nuibers, please llst in order of use the'
fellowing sources of data your agency utilizes

Data Source Data Frequency Data Scale Data Use Data Cost
1. Existing maps 1. Daily 1. 1:10,000 1. Planmning 1. Nominal
2. Existing published 2. Weekly 2. .1:24,000 2. Decision Moking 2. Low
data (Census data)
3. Ground surveys 3. Monthly 3. 1:50,000 3. Policy formu- 3, Medium
lation :
4. Aircraft photo- 4. Seasenally 4, 1:125,000 &. . Management 4. High
graphy : S . o ) .
5. Orbital survey 5. Yearly . 5. 1:250,000 5. Legislation
systems .
6. Other: 6. Bi-yearly 6. 1:500,000 6. Educational
7. No Data Source 7. Bi-decade 7. Other: 7. Rescarch
8. Decade ’ - 8. Enforcemént
9. Other: ’ 9. Other:

* Please retura to Taul Pincura, Burcau of Tand Use Plunnlng, Departmcnt of chnomxc
and Community Dcvclopment 05 South Front Street, Columbus, Ohie 43215



(10)

(11

(12)
(13)
{14)

(1%

(16)

From your viewpoint, how does ERTS-1 photographie data compare to the guality
of information from other data sources?

More comprehensive More accurate More timely More unifomn ‘Totally new
type of info.

Less comprehensive l.ess accurate Less timely Less uniform .
Other, specify

Can it be dircctly applied to your gurrent program activities?

Yes No Needs to be investigated

From your viewpoint, how does ERTS-1 computerized data compare to
the quality of information from other data sources?

More comprehensivé More accurste Move timely More uniform Torally new
.- h . L type of info.
Less comprehensive Less accurate Less timely Less uniform - . -
‘ . . . Other, specity
Can it be directly applicd to your current program activities?

" Yes' Mo - Needs to be investigated

From your vicwpolnt, hotwr docs Skylab data photographic products comparc o
the quality of informatien from other data sources?

More comprehensive More accuvate More timely More uniform Tetally new
tvpe of iafo.
Less comprehensive lass accuraté Less timely Less uniform Other, speciiy

Can. it be directly zpplied to your current program activities?

Yes Vo Needs to be investigated

What chonges do you suggest should be made in future satellite carth resources
survey systems to maximize data use? '

Spectral Temporal Resolution
(repetitive coverage) '

Weould your organization be interested in supporting & program to use satellite
data? .
1f yes - as single sponsox
as participant in group Profraw
cost share with Federal Government

Has this Ohio ERTS/Skylab lata User Workshop been worthwhile to you?

Would you attend other such workshops?  Yes Mo

Is there any sensitivity to releasing infommation contained on this
quastionnaire?

Yeos Vo

CRIGINAT, PAGH IS
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